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ABSTRACT 
The reaction of tervalent phosphorus reagents with 
o-azi.dophenol in ether at room temperature is shown to 
give pentacoordinate phosphorus derivatives of the 1,3,2-
benzoxazaphospholine ring system via an intermolecular 
reaction. 	This simple and mild reaction is capable of 
extension and was used to synthesise a series of heterocyclic 
phosphoranes with various substituents at phosphorus and in 
the endocyclic ring, including benzdiazaphcspholines. 
In certain cases, reaction of a bifunctional azidc 
compound with tervalent phosphorus reagents leads to the 
alternative formation of a tetracoordinate iminophosphorane. 
It is argued that the coordination state of the reaction 
product can be correlated with the influence of electronic 
effects at phosphorus and the small-ring effect. 	Thus, 
pentacoordinate phosphorane formation is favoured over,  
iminophosphorane formation when an electropositive phosphorus 
atom is enclosed within a small-ring. 
The utilisation of these findings has led to the design 
of a successful intermolecular synthesis of tetraoxyphosphorane5 
and other spirol?icyclic phosphoranes from azidobenzene, 
2-phenyl-1, 3, 2-ioxaphospholan and alcohols. 
The pentacoordinate phosphoranes, 2 ,2-dimethoxy-2-
plienyl-1,3,2--benzoxazaphospholine and 2,2-diinethoxy-2,5-
diphenv1-1,3,2-oxazaphospholan have been examined by variable 
temperaturD 1 	3' H and 	P n.m.r. spectroscopy and the results 
rationalised in terms of regular pseudorotational processes. 
These studies have culminated in attempts to prpare and 
isolate a chiral monocyclic pentacoordinate phosphorane. 
In this respect a single racemic diastereoisomer of 2,5-
diphenyl-2-methoxy-2-ct-naphthyi-1, 3, 2-oxazaphospholan, 
which is stable towards stereomutation at room temperature, 
has been isolated. 	Other attempts to isolate a single 
chiral diastereoisomer from the reaction of (S)-(+)-2-azido-
1-phenyl-l-ethanol with a range of racemic phosphinites 
have been unsuccessful. 
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Iminophosphoranes are phosphorus nitrogen ylides and 
can be represented by the resonance hybrid forms (la) and 
(lb). 	The phosphorus nitrogen bond character is thought 
to be determined by the degree of overlap between the 
filled nitrogen 2p orbitals and the vacant phosphorus 3d 
orbitals. 1 




The phosphorus-nitrogen bond length of 1.641 x 10- 
1.0  m 
derived from the crystal structure of N-methyliminodiphenyl-
fluorophosphine (2) indicates the presence of d Tr_  p.1 
bonding 
as it is much less than the expected single bond length, 
1.78 x lO °m, and closer to the double bond length, 
1.64 x 10 10m. 3 	The bond angles of 119° , PNC, and FPN, 
118.7 ° , FPC, liO.9 NPC, 1O4.t and CPC, 107.1 suggest 







The polarity of the phosphorus-nitrogen hohd depends 
on the degree of charge.separation in the ylide, i.e. the 
relative contribution from form (lb), which in turn depends 
on the inductive, mesomeric and steric properties of the 
groups attached to phosphorus and nitrogen. 
IminophOsphoranes can act as both electrophiles and 
nucleophiles. 	Generally, however, the more directional 
filled orbitals of nitrogen can intereact more effectively 
with electrophiles than can the more diffuse 3d orbitals of 
phosphorus with nucleophiles. 	Accordingly, iminophosphoranes 
behave more like bases than acids. 
1.1. 	Preparation of alicyclic iminophosphoranes 
(i) Reaction of azido compounds with tervalent phosphorus 
reagents: 	The Staundinger Reaction 
Irninophosphoranes were first prepared in 1919 by 
Staudinger and Meyer, 4 by the action of azido compounds on 
tertiary phosphines (Schema 1). 	They proposed that the 
reaction proceeded via a linear phosphatriazene intermediate 
(3). 
PR 3 	 R P=NR' 
+ R3P=N—N=N—R'-- OE. 	
+ 
R'N 3 	 N2 
Scheme 1 
- 3- 
Many phosphtriazenes have been subsequently isolated 58 
and Mosby and Silva9 have noted that the general conditions 
for adduct stability are that R' should be electron with-
drawing, and R should be an electron donor. 
Three different structures have been proposed for 
phosphatriazenes viz (4), (5) and (6); however, Franz and 
Osuch 10  and Goldwhite et al. 
11 have excluded the cyclic 
pentacoordinate structure (4) on the basis of the low 
field 31  P chemical shifts observed for these compounds. 
Infra-red studies on the 15N labelled adduct formed from 
tosyl azide and triphenyiphosphine (5) support a linear 
structure for this phosphatriazene) 2 By contrast, Thayer 
-1 
and West 13  have observed an absorption at 2018 cm 	(in 
both solid and solution) for the phosphatriazene formed from 
triphenylsilyl azide and triphenyiphosphine which they 
explain on the basis of a non-linear structure (6) . 	Johnson1 
has suggested that formation of the non-linear adduct (6) 
may be facilitated by delocalisation of the lone pair of 
electrons on nitrogen into the 3d orbitals of both phosphorus 
and silicon. 
r)1 
R D N 
R 
(4) 
Ph 3 P=N—N=N-- — M e 
(5) 




Mosby and Silva 9 have shown that reaction o 2,3-bisazido-
naphthoquinone with triphenyiphosphine gives, in addition to 
the expected bisiminophosphorane (7), a phosphinyl derivative 
of naphtho(2,3-d)triazoledione (8). 	This result can only be 
rationalised by assuming a linear phosphatriazene intermediate 




















Phosphatriazenes can be stabilised by interaction of the 
chain nitrogens with an adjoining group, as with the adduct 
derived from o-azidobenzoic acid and triphenyiphosphine. 
This adduct is exceptionally stable, but decomposes in boiling 
toluene to give the corresponding iminophosphorane (9). 
-5- 
By comparison, the reaction of E-azidobenzoic ac!id with 
triphenyiphosphine proceeds smoothly at 20 °C with loss of 
nitrogen. the I.R. spectrum of the adduct shows the OH 
stretching frequency to have moved to longer wavelength, 
indicating hydrogen bonding. 	These observations are 
consistent with an intramolecular phosphatriazene structure 
probably best represented as (10) 
Ph P_N=NH 





Leffler and Temple 
14  have postulated a mechanism for the 
Staudinger reaction involving a four centre rearrangement as 
shown in Scheme 3. 
/ 	 + - / 	 / 




In connection with the above mechanism Bock and 
Schn8ller12 have demonstrated by 15N labelling that the two 
terminal azide nitrogens are always lost on iminophosphorane 
formation. 
Kinetic studies 11 ' 15 " 6 ' 17 of the reaction have shown 
that phosphatriazene formation is second order, the rate of 
formation depending upon the nucleophilicity of the phosphorus 
reagent, (C 5H 10N) 3P > Et 3P > PhP > (EtO) 3P > (PhO) 3P > PC1 3 
(phosphorus trichloride giving no reaction), and the electro-
philicity of the azide, 2-NO2Ar > Ar > E-MeOAr (Ar = PhN 3 ). 
Decomposition of the adduct to the iminophosphorane is first 
order, the rate determined by the stability of the phospha-
triazene. 
The Staudinger reaction has been used to prepare a wide 
range of iminophosphoranes (1) with R = alkyl, aryl, aryloxy, 
alkoxy, thioalkoxy and Rt = alkyl, aryl, acyl, aroyl, sulphonyl, 
organophosphorus, 18 organometallic. 19 	The reaction is limited 
only by the availability of azido compounds and low nucleo-
philicity of some tervalent phosphorus reagents. 
If the phosphorus atom of an iminophosphorane is contained 
within a small ring dimerisation may occur. 	For example, 
Bellan et al. 2° have observed that reaction of 2-aziridino-
1,3,2-dioxaphospholan with phenylazide gives a diazadiphos-





2 PhN 3 
~'O 
Ph 






Reaction of chioramines with phosphines 
Reaction of chloramine and its derivatives in the presence 
of base gives iminophosphoranes (Scheme 	
21 
+ .-HC[ 
Ar3 P + CINHR—fAr3 PNHR] Cl - Ar3 P=NR 
Scheme 5 
If the sodium saJt of the chioramine is used the addition 
of base is unnecessary. 22 
Reaction of amines with dihalophosphoranes: The 
Kirsanov Reaction 
The utility of this reaction for the preparation of imino-
phosphoranes has been reviewed by Kirsanov. 23 Generally, 
reaction as in Scheme 6 leads to the formation of an imino-
phosphorane and two molar equivalents of hydrogen halide. 
Base is often required to liberate the irninophosphorane from 
the intermediate salts. 
-8- 
R 3 FX 2 + H 2 NR' 
	




R 3 P:NR' 
	-HX [R3PNHR /1.4.x 
Scheme 6 
A wide range of iminophosphoranes have been prepared by -
this method with R = alkyl, aryl, halide and R' = hydrogen, 
hydroxy, alkyl, aryl, amido, suiphonyl. 
Iminophosphoranes (12) prepared from reaction of anilines 
with phosphorus pentachioride may dimerise to form diaza-
diphosphetidines (13) 
24 	The tendency to dimerise has been 
correlated with PI<a  data for the parent aniline; the most 
weakly basic anilines give only iminophosphoranes. 
APNII  











R 2 PNHR' 
+ -(> 
CH 7 CHR" 
+ 	 / 
R F—NHR 
I —R'NFR.CH OH R 
	
H2C—CHR 	 2 2 
Scheme 9 
CE 3 PNSO2 Ph 
- 	R3P=NSO2Ph 
3RMgX 
Ph 3 P=NH 
+ 	Ph 3 P=N.CO.CF 
CF3 CO 2 Et 
Scheme 10 
-10-- 
Reaction of primary amines with.phosphiries hind tetrahalo--
methanes 
Appel25 has recently reviewed this reaction and the 
proposed mechanism is outlined in Scheme 7. 
R 3 P + CX+ R'NH 2 — LR -3PNHR J X + CHX 3 
(14) 
R 3 F=NR' 
Scheme F 
The related reaction of an aminophosphine with a tetra--
halomethane is also believed to involve the intermediacy of a 
phosphonium salt 14). 26 
Miscellaneous preparations 
Several other less general methods for the preparation of 
irninophosphoranes are known, including reaction of phosphonium 
27 
ylids with nitries (Scheme 8), 	reaction of electrophilic 
olefins with aminophosphines (Scheme 9) 28,29 and modification 
of iminuphosphoranes by replacement of phosphorus 
30  and 
nitrogen 31 substituents with alternative ligancis (Scheme 10). 
-ii.- 
1.2 Preparation of c 
	
l-c irninopho )horanes con ±ainjn 
less than six atoms 
No authentic examples of four-membered cyclic intLnohosphorane 
have been recorded in the literature. 	Kukhar t a?. 3 have 
reported the synthesis of such a compound (Scheme 11) but 
later it was shown to be a mixture of two six-membered ring 
phosphorus heterocycles, (15) and (16). 33  
CCI 3 CCI 2 N=PCI 
CCI C—N 












The first cyclic iminophosphorane was prepared in 1971 
by Schmidpeter and Feiss 34  by the 1,3-dipolar cycloaddition 
of electrophilic olefins or diacetylene dicarboxylate to 
dialkyldiphenylmethylenearninophosphane (Scheme 12). 
R 2 P—N=CPh 2 
U. 
CH 2=CHR' 
Me 7 P— N=C Ph 2 
R2 	
, 
F' '• CPI; 2 




	 Me 2 F 	CPh 2 




Both Kabachnik et al. 35 and Stegmann et al. 36 have 
reported the synthesis of several 2,2-substituted-1,3,2--benz-
oxazaphospholes (17) using the Kirsanov and Staudinger 
reactions. 	However, an X-ray crystal structure determination 
in the case of (17, R = Et) revealed a dimeric diazadiphos-- 
37 	 31 phetidine structure (18). High field 	P chemical shifts 
were observed for all these compounds in benzene solution, 












Recently, a monomeric benzoxazaphosphole (17, R=NMe 9 ) 
has been prepared by the author, 38  details of which are 
published in the Appendix. 	The proposed mechanism of 
formation is outlined in Scheme 13. 
in 
0—C 0.Ph ('(O.CQ.Ph 	—N2 	
1 	11 




















Other examples of cyclic iminophosphoranes 1containing 
five atoms have been reported by Scherer et al. 	(19), 
Pudovik et at. 40 (20), and Tarasova et at. 41 (21) although 
no 31P chemical shifts were reported to support a monomeric 
structure. 




1.3 Reactions of iminophosphoranes 
The chemistry of iminophosphoranes is governed by three 
major factors.' 	Firstly, the degree of negative charge on 
nitrogen which determines the nucleophilicity of the imino- 
phosphorane. 	Secondly, the ability of phosphorus to expand 
it octet thus allowing the formation of pentacoordinate 
int.rmeciates, and finally, the strong bonds that phosphorus 
forms with certain atoms, particularly oxygen. 
(i) Reaction with compounds containing the functional groups 
C = 0 or 'C = S 
-15- 
Iminophosphoranes react with compounds containing a 
C = 0 or a C = S group, in a reaction analogous to the Wittig 
reaction, to form imines (Scheme 14) 	The driving force for 
this reaction is the formation of the strong P = 0 or P = S, 
double bond. 	A wide range of compounds have been employed 
in this reaction including carbon dioxide, aldehydes, ketones, 









Johnson and Wong 
43  have suggested that the reaction 
proceeds via a betaine intermediate (22) as in the Wittig 
reaction. 	However, Fr$yen 44 has concluded, from a kinetic 
study of the reaction between 2-nitrohenzaldehyde and a 
series of N-phenyliminophosphoranes, that the intermediate 
is a pentacoorditate phosphorane which eliminates phosphine 













Recently, Schmidpeter and Criegen 
45 have isolated 
pentacoordinate phosphoranes from the reaction of cyclic 
iminophosphoranes (23) with ketones. 	The cycloadducts 
were formed reversibly and decomposed on heating to give 











XCQ2 Me R::Mp[Jh 
RH,Me, Ph,CF,CC1 3 
Scheme 16 
-17- 
These workers also found that the azaphosphles (23, R = 
Me,Ph) reacted with diphenylketene 46 to form isolable but 
unstable adducts which decomposed in solution, presumably via 
an imine, to give tetraphenylsuccinic dinitrile and a mixture 
of phosphoryl compounds (Scheme 17). 	They concluded from these 
results that the reactions involved a four-centre cyclic inter-
mediate rather than a betaine thus supporting FrØyens  mechanism. 
O=C=C Ph 2 














Schmidpeter and Criegen have also investigated the 
reaction of cyclic iminophosphoranes (23) and (24) with iso-
cyanates 47 and isOthiocyanates. 48 	In the case of isocyanates, 
acditicn occurred across the C = N double bond to give relative1 
stable adducts (25) and (26) which existed in partial equilibriui 























1,02  Me 
R=MeFh,NMe 2 	Y=CN,CO2 Me 
Scheme 18 
By comparison, isothiocyanates added across both the 
C = N and C = S double bonds to give -adducts (27) and (28), 
respectively, which were in equilibrium with ring opened 
zwitterionic forms (Scheme 19) 
-19-- 
RN 	 S cs 	R N —f 
	
+1 _ 
R2P—N R D1 
2, 
 
X&)Ph 2 	X2Ph2 
R'NCS 
------
( 27 ) +  
R2 P=N 
U SXPh2 	sffNR 




R,R'z Me,Ph X=CO 2 Me 
Scheme 19 
The observation of a zwitterionic product in the latter 
reaction provides some support for the proposal by Johnson 
and Wonq43 for the formation of a betaine intermediate in the 
C = S/P = N reaction as discussed earlier. 	However, it is 
possible that the chemistry of cyclic iminophosphoranes is 
different from that of their acyclic analogues. 
(it) Reaction with triple bonds 
Brown et at. 49 have shown that reaction of N-(p-hromo-
phenyl) iminotripheriylphosphirie with dime thy lace tylenedicarhoxy-
late leads to the formation of a stabilised phosphonium 
ylide (29). 	When electron withdrawing groups such as 
-20- 
2, 4-dinitrophenyl, carboethoxy, benzoyl and -toiuenesu1phony1 
were attached to nitrogen no reaction was obseryed. 	They 
proposed a mechanism involving nucleophilic attack by nitrogen 
and the formation of a four-centre pentacoorc1inte phosphorane 
intermediate which rearranged to (29) as shown in Scheme 20.50 
Ph 3 P=NR 
XCECX 
X=CO 2 Me 
Ph P1 NR 





Electrophilic nitriles react in a similar manner to form 
a new iminophosphorane (Scheme 21) 51 
Ph3P=NPh 	Ph P—NPh 






Formation of heterocycles by intermolecular reactions 
The utility of iminophosphoranes in the synthesis of 
heterocyclic compounds has been fully reviewed by Zbiral. 52 
The reactions often proceed via the intermediacy, of a 
phosphonium salt and subsequent loss of the phosphorus moiety 
as its oxide. 	A typical example is shown in Scheme 22 for 
the formation of tetrazoles from the reaction of iminophos-















Staudinger Ct al. 4 and Kirsanov et al. 54,55 have reported 
the formation of nitriles upon thermolysis of N-acyl or 
N-aryl iminophosphoranes. 	The decomposition presumably occurs 
Ph 
	









LN 	 PhH 
H.UH 	Ph 
HI 
'óy N—PFh 	 Ph 3 









via a four-membered ring intermediate as shown Ui Scheme 23. 
A similar mechanism has been invoked to rationalise the 
formation of alkylisocyanates and alkylisocyanurates Upon 









h,OPh R =CI 1 F 
Aziridines have been prepared by Blum et al. 57 ' 58 from 
the reaction of 2-azido alcohols with tertiary phosphines. 
For example, (-1-)-threo-2-azido-1,2-dipheflYlethaflOi and 
triphenyiphosphine gave cis-2 , 3-diphenylaziridine. 	The 
authors explained the stereospecificy of this reaction 
by the mechanism shown in Scheme 24. 	The preparation of 
aziridines by the reaction of 2-amino--alcohols with 
dibromotriphenyiphosphorane probably proceeds via a similar 
mechanism. 59 
Two groups of workers have attempted to synthesise 
benzazetes (31) using anintrarnolecular carhonyl/iminophos-
phorane reaction, but without success. 	In one instance, 
Nomura et al. 60 thermolysed a series of N-(2-acyiphenyl) 
iminophosphines (30) in boiling toluene but observed no 
decomposition (Scheme 25). 	They attributed the unexpected 









R 	 R 	 R 
I I I 
IIT 0 +NFI1 3 
N—PPh 3 
Scheme 25 
Independently, Scott 61  attemptedto decompose the related 
compounds (32) at temperatures up to 450°C, but observed only 











In contrast to these failures, five membereh ring 
heterocyclic compounds have been prepared by three different 
intramolecular iminophosphorane reactions. 	Leyshon and 
62 Saunders have reported the synthesis of 2-substituted benz- 
oxazoles by the action of triethyiphosphite on 2-azidophenyl 
esters (Scheme 26). Although an iminophosphorane (33) was 
not actually isolated its intermediacy was detected by ultra-
violet and 1  H n.m.r. spectroscopy. 
(X 	O-C-R 








Zbiral 63 has utilised the reaction of iminophosphoranes 
with triple bonds to prepare naphtho-1,3-thiazoles and naphtho-









rri  27 
 
-26- 
l3enzofurazan 64 has also been prepared by the thermal 
decomposition of N-o-nitrophenylimino-1,2 ,5-triphenylphosphole 
(34). 	The proposed reaction mechanism involved the formation 
of a pentacoordinate phosphorane (35) as an intermediate which 
decomposed either in a concerted step (1) or stepwise (ii) 
via o-nitrenonitrosobcnzene (36) (Scheme 28). 
PhCPh 	Ph 
PV'N) Ph 	 ) V — Ph 




PhOPh + 	 0 
Ph 	0 
Scheme 28 
Three examples of intramolecular carbonyl/imiriophos--
phorane reactions to form six-membered rings have been 
rcportd in the literature. 	Pailer and Haslinger 65 have 
synthesised the alkaloid nigrifactine (Scheme 29) , Saunders 
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et al. 67 have isolated two 2,3-disubstituted hcnzopyrazines 
from the reaction of N-2--substituted iminophosphoranes with 
dimethylacetylene dicarboxylate (Scheme 31). 
Ackrell et at. 68 have recently described the preparation 
of benzo-1,4-diazepin-2-ones (37) via the intermediacy of an 
iminophosphorane as shown in Scheme 32. 	This is the first 
example of an intramolecular carbonyl/iminophosphorane reaction 
leading to a seven-membered ring. 
000H 2 N 3 
M 
I\1 	N' 
+ 	 R 





Ph 3 FC) 
(v) Hydrolysis 
The hydrolysis of iminophosphoranes is thought to occur 
by protonation of nitrogen to form a phosphonium salt 
followed by attack of a water molecule at phosphorus to 
give a pentacoordinate phosphorane which decomposes to phosphine 
oxide and amine (Scheme 	
1 	Evidence in support of this 
mechanism has come from the acidic hydrolysis of (+)—N—p—nitro-
phen.yliniinomethyi phenyipropy iphosphine which affords mainly, 
69 but not exclusively, inverted phosphine oxide.  
-29-- 
R + 
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RNH 2 	 R R3 
Scheme 33 
The ease of hydrolysis appears to be related to the 
basicty of the nitrogen atom. 	Electron withdrawing groups 
attached to nitrogen tend to stabilise the iminophosphorane 
and lead to a decrease in reactivity. 	For example, N-ethyl- 
iminotriphenylphosphine hydrolyses instantaneously in neutral 
solution, whereas N-carhoethoxyiminotriphenylphOSPhifle 
hydrolyses slowly in boiling acidic solution. 70 
(vi) Phosphonium salt formation 
Iminophosphoranes readily form salts upon treatment with 
alkyl halides (Scheme 34) although they are generally less 
nucleophilic than the isoelectronic phosphonium ylides. 3435  
This reaction possesses considerable synthetic utility for 
the preparation of N-a3kyl.--N-arylamines since hydrolysis 
of these phosphonium salts leads to the formation of phos- 
-30-- 
phine oxides and pure disubstituted amines in hi  yield 
(Scheme 	
71 
R3PNR/ ~ RUX 	 [R3PNR'R11]x 
Scheme 34 
[R 3 PNR'R"YX 	 ' " HNRR 
+ 
0H 
- 	 + 
-HX 
	
H 20 	 R 3  PO 
Scheme 35 
(vii) Formation of pentacoordinate phosphoranes - See 
2. 4.6 (iii) , (v) and (vi) 
-31- 
2. 	Pentacoordinate Phosphoranes 	 I 
It is impossible to arrange five ligands symmetrically 
around a central phosphorus atom such that all bond lengths 
and bond angles are equal. 	However, it has been predicted 
theoretically that a trigonal bipyramidal (TBP) geometry 
should be energetically the most favourable configuration 
for acyclic PR  compounds (38). 72-80 X-Ray and electron 
diffraction studies have generally confirmed this prediction 




A consequence of the trigonal bipyramiclal structure (38) 
is that there are two types of ligands; three equatorial 
ligands (Re) at an angle of 120° to each other and at right 
angles to two •colinear apical ligands (Ra). 	The apical (a) 
substiti'ents are relatively sterically crowded as they have 
three 9Q0  neighbours whereas the equatorial (e) substituents 
have only two. 	It might therefore be expected that the 
apical hond length would he longer, and hence the bond strength 
weaker, relative to an equatorial bond. 	These properties 
-32- 
have been demonstrated for pentafluorophosphorane (38, R = F) 
where the P-Fa distance is 1.577(5)R and the P-Fel distance 
is 1.534(4) and the P-Fa vibrational symmetrical stretching 
-1 	 82 frequency is 177 cm lower than the P-Fe frequency. 
Pentacoordinate phosphoranes can adopt a square pyramidal 
(SP) 81 structure if the phosphorus atom is enclosed in a small 
ring and also bonded to a particular arrangement of ligands with 
different electronegativities, for example, compound 39. 83 
This SP geometry leads to non-equivalent ligands with four 
basal ligands at an angle of 87 ° to each other and at 104 ° 
to a single apicel ligand. 	Generally, however, it has been 
estimated that the TBP configuration is energetically more 
favourable than the SP configuration by approximately 20-40 
kJmol- l 78,84-87 




Two important characteristics of pentacoordinate 
phosphoranes, which profoundly influence their properties, 
are that electronegative elements tend to occupy apical sites 
and that the ligands can undergo intramolecular reorganisation 
by a process generally referred to as pseudorotatiori. 	These 




Zeeman 72 has investigated, in terms of electrostatic 
repulsion forces, the shape of AB  complexes with fixed AB 
distances and found that the TBP is more favourable than 
the SP configuration. 	Introduction of non-Cou1othic 
repulsion terms into the calculations led to a further 
increase in the relative energetic stabilisation of the TBP. 
The valence shell electron pair repulsion model developed 
by Gillespie, 73 ' 74 where pairs of bonding or non-bonding 
electrons are always arranged so as to minimise electrostatic 
repulsion, also predicts that a TBP rather than a SP 
configuration is more favourable. 	This approach has been used 
to explain successfully the observed trends in molecular 
geometry of the series of compounds PF5_rMen, n = 0-3. 74 
Likewise, Rundle 75 ' 76 has constructed a semilocalised 
three-centre electron-rich model which gives a good first 
order representation of the structures of PR  compounds. 
He neglected d-orbitals in the basis set, viewed the 
equatorial bonds as normal and constructed the apical bonds 
from three-centre orbitals which were comprised of the 
phosphorus 3p and the axial ligand s and p functions. 
Rundle successfully predicted, from this model, that the 
apical bonds should be longer and that electronegative 
ligands should preferentially occupy these positions. 
In this connection, Bartell 
77 has demonstrated that Rundle 's 
model can also explain the trends observed in the fluoro-
phosphorane series PF 5 	n = O_3.88 
-34- 
More recent molecular orbital studies 78 80 of the bonding 
in the hypothetical model compound PH 5 have led to the con-
clusions that apical bonding is weaker and that the apical 
hydrogens are more electronegative than the corresponding 
equatorial hydrogens in a TBP configuration. 
It is interesting to note that the above theoretical 
studies, although adopting different approaches, all lead 
to the same general conclusions concerning the structure of 
pentacoordinate phosphoranes and apical ligand properties. 
Since five a bonds are required to bind ligands to 
phosphorus in PR  compounds it has been assumed that a fifth 
atomic orbital must be involved in the formation of the a 
framework. 	In 1961 Cotton 
89 described the bonding in terms 
of a simple sp 3d hybridisation model, but as already mentioned, 
Rundle has constructed a successful model which neglects 
d-orbitals. 	The role of d-orbitals in a bond formation is 
9190, 
still in doubt, 	Recently, Ramirez et al. 
85, 	have 
predicted from CNDO/2 studies a substantial participation 
by 3d-orbitals in the molecular bonding. 	However, the 
results of semi-empirical Hückel calculations suggest that 
d-orbitals make only minor contributions to the a bond 
framework. 79,92  
The d-orbitals are, however, thought to be involved in 
it bonding in pentacoordinate phosphorus compounds. 
Hindered rotation has been observed about the P-N or P-S 
bond in pentacoordinate phosphoranes containing an equatorial 
-35-- 
thio or amino substituent. 9395 	This effect his been 
rationalised on the basis of P.ffdit  bonding. 	Molecular 
orbital calculations 78,85 havepredicted that orbital over-
lap is greatest for it acceptors in an apical position. 
Conversely, it donors will achieve greater orbital overlap 
in an equatorial position. 	As a consequence equatorial 
substituents with a donor orbital will tend to orientate 
it in the equatorial plane, thereby giving rise to a barrier 
to free rotation (see 40). 
ir 
(40) 
Generally, pentacoordinate phosphoranes adopt a 
TBP configuration with the apical bonds longer and weaker than 
the equatorial bonds. 	The molecular bonding is formed 
predominantly from a a-bond framework composed of S- and p -
orbitals with a secondary contribution from d-pIT  bonding, 
particularly in the case of equatorial substituents. 
-36- 
2. 2. pseudorotation 
Pseudorotation is an intramolecular process by which 
the TBP orientation of groups arranged about a pentacoordinate 
central atom may be changed without the cleavage of bonds, 
that is a so-called regular process. 	This phenomena has been 
demonstrated for many pentacoordinate phosphoranes including 
96 	19 
PF5 . The F n.m.r. spectrum of this compound at room 
temperature contains only one fluorine resonance thereby 
indicating that the apical and equatorial sites are scrambled. 
However, the I.R. spectrum 97 distinguishes different sites in 
the molecule with different apical and equatorial bond lengths. 
The rationale of these observations is that ligands interchange 
between the apical and equatorial sites at a rate between 
10  and 108 s 1 , thus appearing equivalent on the slow n.m.r. 
time scale but not on the relatively faster I.R. time scale. 
Berry 
98  has explained this process using a mechanism 
in which two equatorial ligands exchange pairwise for two 
apical ligands, while the fifth ligand remains stationary and 
acts as a pivot. 	The process, generally referred to as 
Berry Pseudorotation (BPR), is outlined in Scheme 36. 
The two apical ligands (1,5) of TBP(a) are bent(by 
15° each) in the plane occupied by ligands (1,35); 
simultaneously, two equatorial ligands (2,4) are bent 
(by 150 each) in the equatorial plane while ligand (3) 
acts as the pivot. 	The result is a square pyramidal 
intermediate with ligands (1,2,4,5) at the basal positions 
-37-- 
and the apicel position occupied by ligand (3).1 This is the 
high energy point of the process, and gives an activation 
energy to the reorganisation. 	Continuation of the bending 













Whitesides and Mitchell 
99  have demonstrated that the 
interchange of apical and equatorial fluorines in the 
molecule Me 2NPF4 proceeds via a concerted and pairwise 
interchange of the two equatorial fluorines with the two 
apical fluorines (Scheme 37). 	These observations are 
consistent with the BPR mechanism. 
F 	 F
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84-86 Ramirez and Ugi et al. 	have proposed an alternative 
pseudorotai:ion process, the so-called turnstile rotation 
(TR) mechanism, which satisfies the criteria necessitated by 
the Whitesides and Mitchell experiment. 	Turnstile rotation 
may be visualised as a combination of three independent 
motions which begin simultane ously and occur synchronously 
as shown in Scheme 38. 	Thus, the diequatorial angle of 41a, 
4-P-5, contracts from 120 0  to 90 0 and the lagand pair 1 and 3 
tilts in the plane P-1-3-2 towards the apical ligand 2, to 
yield 41b. 	The ligand pair 1 and 3 then rotates against the 
trio 2-4-5 leading to 41c which is the halfway intermediate 
between the two isomeric TBP geometries 41a and 41d and is 
known as the 300  TR barrier. 	The rotation continues for a 
further 30° with a synchronous 9 ° tilting of the pair 3-1, and 
expansion of the angle 5-P--2 to 1200,  to generate the new TB --, 41d 
The energy barrier to pseudorotation in acylic pentaco-
ordinate phosphoranes by the BPR mechanism has been calculated 
to be 1.4 kcal mol 1 (Hückel MO) ,78 4.8 kcal mol 1 (ab initio) 
and 3.5 kcal mol 1 (CNDO/2). 84 	Similarily, calculation of 
the energy barrier encountered in the TR mechanism has yielded 
values of 10.0 kcal mol' (Hückel MO) ,78  18.1 kcal mol 1 
(ab initio), 87 and 9.1 kcal mol 1 (CNDO/2). 84 	On the basis of 
these calculations it would appear that BPR would be the pre--
ferred mechanism but, Ramirez et at P 4,85  have concluded on the 
basis of their CNDO/2 calculations that neither mechanism is 
quantum mechanically impossible. 	Furthermore, they note that 
there are four possible TR pathways which lead to the same 
-40- 
isomerisation as one BPR. 	As a result the forrter process 
becomes relatively more likely from a statistical point of 
view. 
The TR mechanism has been invoked to explain the facile 
ligand reorganisation observed in the polycyclic oxyphosphor- 
-1 91 ane 42; 	G 	5 kcal mol . 	The authors argued that a 
prohibitively high energy barrier would have to be traversed 
if a BPR mechanism was operating. 	However, the experimental 
data can be rationalised in terms of a TR mechanism if the 
five-membered ring oxygens are considered as the pair and the 






In this thesis no attempt will he made to distinguish 
between the two different mechanisms for ligand reorganisation 
in pentacoordinate phosphoranes. 	However, for consistency 
all experimental observations will be explained in terms of 
BPR processes. 
Finally, it is worth noting that reorientation of groups 
around a pentacoordinate central atom may also occur via 
irregular processes whereby bonds are broken and reformed. 
-41- 
These may involve a hexacoordinate transition sate or inter- 
1 mediate, usually a base-catalysed reaction, 100  or a tetra-
coordinate intermediate generated by an acid-catalysed 101 or 
thermal 
102
reaction. 	The operation of these processes can 
usually be detected by n.m.r. spectroscopy and differentiated 
from regular processes by the anomalous loss of coupling to 
phosphorus arising from bond fission, and the abnormal solvent 
dependence due to the intermediacy of ionic species. 
2.3 Factors determining pseudorotational harriers and lid 
positions in pentacoordinate phosphoranes 
In the preceding section (2.2) it was noted that molecular 
orbital calculations 18 ' 84 ' 87 predicted a free-energy barrier 
to ligand reorganisation in pentacoordinate phosphoranes, 
the magnitude of which has been determined experimentally 
for many pentacoordinate phosphoranes usually by n.m.r. 
spectroscopy, 103  but in some cases by polarimetry. 
104 The 
data obtained has been rationalised mainly in terms of 
(i) apicophilicity and (ii) ring strain, although steric 
factors may be important, especially in structurally crowded 
phosphoraries. 	These factors will now he considered in some 
detail. 
(1) Apicq2LIlic ity  
On the basis of theoretical calculations Trippett 103 
has suggested that apicophilicity is a function of three 
variables: (a) electronegativity, (h) n - -donor ability and 
(c) 'ir-acceptor ability. 
(a) Electronegativity. 	From experimental studies, it 
appears that the most electronegative atoms or grOups 





















(45) (4 6) 
-43-- 
a TBP structure. 	This effect has been demonst±ated, for 
example, in a series of a1ky1fluorophosphoranesR 11PF 5 _ 1 
n = 1-3. 	Thus, compound 43 exhibited only one fluorine 
resonance in the 19F n.m.r. spectrum at temperatures down 
to -120 
0  C. 105 However, upon introduction of a second 
alkyl group as in 45, the spectrum showed 106 two distinct 
fluorine environments at temperatures below +5°C. 	When 
three alkyl groups were present, (44) , a single fluorine 
signal was observed with a characteristic PFa coupling 
constant of 545 Hz. 	This spectrum exhibited no temperature 
dependence. 107 
These results, although qualitative, indicated a 
progressive increase in the barrier to pseudorotation upon 
substitution of fluorine by an alkyl group. 	This can be 
explained by assuming a greater apicophilicity for fluorine 
than for an alkyl group. 	Thus in compound 43 the fluorines 
undergo rapid interchange between apical and equatorial 
positions using the alkyl group as pivot. 	However, with 
compound 45 interchange can only occur via the intermediate 
structure 46 in which an alkyl group and a fluorine atom 
adopt unfavourable apical and equatorial positions 
respectively. 	An even greater barrier to rotation occurs 
in compound 44 in which both the alkyl groups and fluorine 
atoms are located in their favoured positions. 
Sheldrick 81 has also noted that all structural deter-
minations for static acyclic pentacoordinate phosphoranes 
have shown that the ligand distribution over apical and 
equatorial sites of the rJrp  j5 in accordance with electro-
negativity predictions. 
.-44-. 
ir-Donor ability has already been discussed with respect 
to bonding in Section 2.1. 	Briefly, an atom with a lone 
pair of electrons bound to phosphorus will preferentially 
occupy an equatorial site with the donor orbital in the 
equatorial plane. 	However, this effect may be compromised 
by steric interactions as, for example, in (Me 2N) 3PF 2 . 108 
In this compound the dimethylamino groups make a dihedral 
angle of only 700  with the equatorial plane (47) which 
presumably represents a compromise between the steric repulsion 






85 7r-Acceptor ability. 	Theoretical studies 78, predict 
that an atom or group with a vacant low lying orbital will 
preferentially occupy an apical position. 
Consideration of these variables has led Trippett 103 
to propose a tentative apicophilicity scale (Figure 1) which 
he states is in accord with much of the published experimental 
data. 












The origin of ring strain in pentacoordinate phosphoranes 
and the small ring effect generally will be discussed more 
fully later, in. Section 3.1. 	In summary, however : it is 
generally accepted that four- and five-membered rings,85 ' 86 
in phosphoranes with TBP structures,. will preferentially 
adopt the more favourable conformation which spans the ae 
rather than the e e positions due to relief of ring strain. 
Iz addition the more apicophilic ring atom, bound to 
phosphorus, assumes an apical placement. 	For example in 
co.- pound 48. 	Thus, X-ray analysis shows that the almost 
planar five-membered ring spans the ae sites with oxygen, 
the more apicophi'ic atom, th the apical position. ).09 
It shou.d be note -1 that small and medium sized rings are 
incapah1e of diapical placement. 





The presence of small rings in pentacoordiftate phos-
phoranes can restrict the pseudorotation processes which 
involve diequatorial placement of the ring. 	Thus, Trippett 103 
has calculated that the energy required to change the dioxa-
phospholan ring in the bicyclic compound (49) from the ac to ee 
conformation is of the order of 17 kcal mol 1 (Scheme 39). 
I 	...R 	N, 
X_fQA 
(49) 	•.. D 
R 




In certain cases competition can occur between ring 
strain and apicophilicity effects. For example, the six-
membered cyclic compound (50) exhibits a temperature invariant 
19 	 o F n.m.r. spectrum up to at least 100 C indicating that the 
structure is essentially frozen with the ring located in the 
strain-free diequatorial conformation. 	By contrast, the 
spectrum of the five-membered cyclic phosphorane (51) shows 
equivalent fluorine atoms above -70 °C indicating rapid 
interchange of these atoms between a and e sites as shown in 
Scheme 40. 	Such a pseudorotation process places the ring in 
an unfavourable diequatorial position, but at the same time 




(50) 	 Scheme 40 
Trippett has demonstrated 
110 that steric effects 
may also affect the barrier to pseudorotation 	Thus, the 
series of compounds (52) show a steady increase in AG as 
1 	2 	 t both R and R change from Me to Bu . 	This change is 
attributable to the increasing relative steric compression 









2.4 	Preparation of pentacoordinate phosphoranes 
Pentacoordinate phosphoranes vary widely in stability, 
ranging from short-lived intermediates, found in a number of 
reactions of nucleophiles with pentavalent tetracoordinate 
phosphorus compounds, 
 101  to thermally stable compounds, the 
topic of this section. 
2.4.1 Reaction of tervalent phosphorus reagents with 
unsaturated systems. 
The general reaction is shown in Scheme 41 and formely 
involves Michael addition of a tervalent phosphorus reagent to 
an ,-unsaturated system. 
B 	
1 2 3  
B\ 123 
~ 	 FRRR 	II PRR R I 
Scheme 41 
(1) 	with dicarbonyl compounds. 
i ll  first isolated a pentacoordinate phosphorane 
in 47 yield from the reaction of biacetyl with triethyl phos- 
phite under mild conditions. 	The scope of this reaction has be 
subsequently extended to acylic and cyclic phosphites, phos-
phonites, phosphinites and their amino and thio analogues and 
a variety of dicabony1 compounds 214  and provides a general 
route to phosphoranes containing a 1,3,2 -dioxaphospholene ring 
(Scheme 42) 
-49- 
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50- 
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Sch e me 42 
There has been some debate concerning the mechanism 
116 of the Kukhtin reaction. 	Kinetic studies 115, 	support a 
process involving nucleophilic attack by phosphorus on a 
carbonyl carbon atom followed by rearrangement and rapid 
ring closure as shown in Scheme 43, and exclude a concerted 
cycloaddition reaction which requires attack at oxygen. 
However, in conflict with these results electron spin 
resonance measurements 117  indicate the involvement of radical 
intermediates whereby an initially formed phosphiniurn radical 
reacts rapidly with a neighbouring carbonyl group (Scheme 44) 
Pentaoxyphosphoranes prepared in this way can be 
subsequently modified by ligand exchange reactions with 
aminoalcohols 118 or diols - thus extending the scope of 
the synthesis. 
(ii) with a-keto imines. 
Trialkyiphosphites react with a-keto irnines in an 
analogous manner to the formation of the dicarbonyl adducts. 
Thus, pl-ienanthrenèquinonemonoimine (53) reacts with trialkyl 




NH P(OR)3 	 P(OR) 
Ns~l
R=  Me, Et,Pr' 
Scheme 45 
with 1,3-dienes. 
Pentacoordinate phosphoranes have also been prepared by 
11 
the reaction of 1,3-dienes with tervalent phosphorus reagents"' 
For example, isoprene reacts with 2-suhstituted--1,3,2-benzo--
dioxaphospholans to give pentacoordinate phosphoranes in greater 
than 85% yield (Scheme 46) 
[OI:o\ 
CHCH O\  ,,Me 
P - R+ I —.J 
0' CHtCMe "I-CO R 	RMe,Ph 
S cheme  46 
with cx,-unsaturated carbonyl compounds. 
The title compounds react with tervalent phosphorus 
compounds to form 1,2-oxaphospholenes in fair to good yields 
(Scheme 47) 123-126 	The reaction mechanism appears to be 
analogous to thatdescribed in Section 2.4.1 (i). 	Thus, 
kinetic studies  127  have provided evidence that phosphorus 
acts as a nucleophile, although electron spin resonance 
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Scheme 7 
In contrast to the foregoing syntheses, the reaction 
of 2pheny1dioxaphospho1an with acrylic acid and acrylamide 
leads to the formation of phosphoranes (54) and (55) as 
shown in Scheme 48.128 	These were claimed to be the first 
examples of stable pentacoordinate acyloxy- and acylamido- 
phosphoranes. 	Less stable acyloxyphosphoranes have also 
been prepared by reaction of acyclic tervalent phosphorus 
reagents with a-keto acids. 129 








Ph (54) X =0 
(55)x=NH 
Scheme 48 
with other conjugated systems. 
Several miscellaneous examples have been reported in the 
literature including reaction of tervalent phosphorus reagents 
wch azocarDonyl compounds (Scheme 49) , 130-132 
hexafluoro-2- (acylimino) -propanes (Scheme 50) ,133 and N--
(hexafluoro-2-propyliden) -N / - arylbenzamid-ines  (Scheme 51) •134 
with nitroalkenes. 
The N = 0 double bond of the nitroalkerie can be formally 
considered to be part of a conjugated system which reacts with 
-54- 
Lervalent phosphorus reagents to form pontacoordinate 
135,136 
phosphoranes as shown in Scheme 52. 	 Substitution 
of the nitroalkene with aryl groups (R,,R 2 = Ar) has been 
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Scheme 52 
2.4.2 Reaction of tervalent phosphorus reagents with mono-
carbonyl compounds. 
Tervalent phosphorus reagents react with two equivalents 
of a carbonyl compound to form pentacoordinate phosphoranes 
containing either a 1,3,2-dioxaphospholan ring 8 or a 
1,4,2-dioxaphospholan ring 
139  as shown, for example, in 
Scheme 53 and Scheme 54 respectively. 
2R 2  C=O 
Me 3 P 
2R 2 
 C=O 




rL ,FMe 3 
R=CF3 
0 
R P Nie 
Cl 	R=CF 
-55-. 
2.4.3. Reaction of tervalent phosphorus reagents with 
compounds containing a weak sigma bond. 
The first reported example of this type of reaction 
was the preparation of pentaethoxyphosphorane by reaction of 





Cyclic phosphoranes have been similarily prepared from 
141 142 dioxetanes 	and dithietes. 	Notably, a mixture of 
unstable three-membered ring phosphoranes have been prepared 
by reaction of 3,3,4-trimethyi-1,2--dioxetane with phenyl-
phosphiran at low temperature. 143 
2.4.4 Reaction of tervalent phosphorus reagents with dials and 
related cornaounds. 
This type of reaction is commonly used in the preparation 
of pentacoordinate phosphoranes. 	For example, Grechkin et al. 1 
have reacted ethanolainine with triethyiphosphite to form three 
equivalents of ethanol and a phosphorane containing a P-H 
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-56- 
145,146 
Trippett et al. 	 have developed a general 
synthesis of pentacoordinate phosphoranes involving condens-
ation of acyclic tervalent phosphorus reagents with,for 
example, catechol in the presence of N-chlorodiisopropylaiflifle 
at -78°C (Scheme 57). 
___ 	
% 
aOH+ PR3 	 I 
0 	+ 
PR + PrNHC 0/ 3 
C[NPri R 3 = Ph 3 	0Me 
Scheme 57. 
2.4.5 	Reaction of tervalent phosphorus reagents with aryl 
2-nitroaryl ethers and sulphides. 
Cadogan et al. have prepared pentacoordinate phosphoranes 
148 
containing a benzoxazaphospholine 147, 
	or a benzthiazaphos-- 
149,150 pholine 	ring by the reductive cyclisation of aryl 2- 
nitroaryl ethers and sulphides with tervalent phosphorus 
reagents as shown in Scheme 58. The structures of (56, 
X = 0,S) have been confirmed by X-ray crystallography. 149,151  








2.4.6 Preparations of pentacoordinate phosphornes involving 
phosphorus ylides. 
Reaction with 1,3-dipoles 
Wulff and Huisgen 152 have isolated pentacoordinate 
phosphoranes from the reaction of C,N-diphenylnitrone with 
substituted methylerLephosphoranes in fair to good yields as 












Nitrile oxides also react with phosphonium ylides. 
For example, Bestmann and Kunstmann 153 have prepared the 
cycloadduct (57) from the reaction of benzonitrile oxide 
with cyclopropylenetriphenyiphorane in 61% yield. 
Ph 
(57) 
Intermolecular reaction with epoxicles 
- 
Schinidbauer and I-loll 
154  have isolated distillable 
pentacoordinate phosphoranes from the reaction of methylene-
phosphoranes with ethylene oxide (Scheme 60) . 	The adducts 
were shown to have TJ3P structures using variable temperature 




R 3 P—CH 2 
C  0--  
R=Me,Et 
Scheme 60 
(iii) Intramolecular reaction with epoxides 
Stable pentacoordinate phosphoranes have been prepared 
by the reaction of methylenephosphorane with epichlorohydrin 
(Scheme 61) •155 
	Evidence for the intermediacy of the ylide 
(58) was obtained by the alternative synthesis of (59) by 
treatment of the w-epoxyphosphonium salt (60) with base. 
R=H /base 
Ur" 1CH 2 z 
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A related synthesis has been reported by Kyba and 
Alexander 1 5 6  involving the reaction of tervalent phosphorus 
reagents with 2-azido-oxirans to afford pentacoordinate 
phosphoranes of type (61), apparently via a phosphorus-
nitrogen ylide (62) as shown in Scheme 62. 	X-Ray crystallo- 




N3 (62)R 2 R1C 	R1 = Ph,Bu 
0 FR3 R2=Fh,Me 
PR 3 	N2 	R 3 Ph 3 0Me 
Scheme 62 
Reaction with carbonyl containing compounds 
This method of preparation has been discussed earlier 
in Section 1.3 (i) 
Intermolecular reactions with alcohols 
Reaction of alcohols with trimethyl methylenephosphorane 
leads to the formation of pentacoordinate phosphoranes as shorn 
in Scheme 63.157,158 	This type of reaction has also been used 
to prepare monocyclic phosphoranes containing a phospholan or 
a phosphorinan ring. 
159 
CH 2 PMe 3 
4. 
	
RU -F Me 4 
ROH 


















Scheme l;  
-61- 
Cyclic iminophosphoranes (63) , prepared by! the 1,3-
dipolar cycloaddition of a diethyl phosphoramidite to an 
aromatic aldehyde, have also been shown to react with 
ethanol to produce the oxazaphosphorane (64) as shown in 
Scheme 64. 160  
0R) 










The related reaction of a phosphoryl compound with a 
diol has been reported by Koizumi et al. 161 	Thus, reaction 
of 2-phenoxy--benzodioxaphosphole-2--oxide (65) with catechol 
in the presence of triethylamine yields the spirohicyclic 
phosphorane (66) in 37% yield. 	The proposed mechanism is 
shown in Scheme 65. 	The authors suggest that the oxide (65) 
also acts as a dehydrating agent in this reaction. 
(vi) Intramolecular reactions with alcohols and related 
compounds 
The preparation of pentacoordinate phosphoranes, such as 
(67), from hydroxy phosphonium salts by treatment with base 
has been rationalised in terms of a cyclisation involving 
attack of an oxyanion at a phosphonium centre. 162 	Thus, 
treatment of 3-hydroxy-propyltriphenyiphosphonium iodide with 
sodium hydride leads to formation of the monocyclic phos- 
	
phorane (67) as shown in Scheme 66. 	However, an alternative 
explanation, pertinent to this thesis, involves the intra-
molecular addition of an hydroxy group to an intermediate 
ylide (Scheme 67) 
+ 	NaH 
Fh 3 F(CH 2 ) 3 0H 	 FPh3 
(67) 
• 	Scheme 66 




Ph 3 P—CH 
Ph 3 
Scheme 67 
An analogous reaction has been observed for phosphoniuin 
salts containing an w-oxime group. 163 	Stegmann et at. 164 
have also observed the intramolecular cyclization of a range 
of substituted N--o-hydroxyphenyl iminophosphoranes (68). 
A thermodynamic equilibrium was found to exist between the 
iminophosphorane (68) and peritacoordinate phosphorane (69) 






(68) 	 (69) 	Rary1,a[ky1 
Scheme 68 
Spirohicyclic phosphoranes of type (70) have been 
	
-, 	 - prepared by Wolf et al. 165  from a related reaction of phenyl 
azide with phosphorus containing compounds existing as a 
III_V tautomeric equilibrium mixture (Scheme 69). 
H 
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Another reaction which may fall in this ca'tegory is 
due to Kukhar et at. 1 66 and involves the condensation of 
irninophosphorane (71) with catechol or o-phenyienediamine 










0  Ar ()_C I 
XOorX=N 
Scheme 70 
The foregoing reactions involving phosphorus-carbon 
and phosphorus-nitrogen ylides may be extended to include 
phosphoryl compounds which contain a hydroxy function. 
For example, both Munoz et al. 167  and Ramirez et al. 168 
have reported the preparation of hydroxyphosphoranes by the 
intramolecular reaction of a phosphoric ester (72) and a 
phosphate ester (73) respectively as shown in Schemes 71 and 
72. 	As in the case of the benzoxazaphosphoranes (69) 
prepared by Stegmann et at. 164 the products existed in 
tautorneric equilibrium with the open-chain forms. 
In a later paper Munoz et at. 169 reported the similar 
preparation of the hydroxyphosphorane (74), which could be 
isolated as its triethylamine and N,N-dimethylformamide 
















O=Pc1 3 	3HCI 	 (74) 
Scheme7 
Segall and Granoth 170 have also isolated compound (75), 
as a 1:1 crystalline adduct with trifluoroacetic acid, in 
75% yield from the acid (76) via an intramolecular condensation 
reaction (Scheme 74). 
( CO 2 H 
(T 	OH 
H 
('7) 	2  
Q 
TFA  P OH 
ri10 
Scheme 71 
2.4.7 Preparation from phosphonium salts and metal alkyls. 
Pentaaryl phosphoranes are most commonly prepared by 
treatment of phophonium salts with metal aryls. 	For example, 
pentaphenyiphosphorane has been prepared in 60% yield by the 
addition of phenyl lithium to tetraphenyiphosphonium iodide in 
dry ether. 171 
-67- 
A similar procedure has been used by Katz and Turr:b1orn172 
to prepare the first stable pentaaikylphosphorane from 
dimethyiphosphoniahomocuhane iodide as shown in Scheme 75. 
Spirobicyclic phosphoranes have also been prepard in an 
analogous manner. 173,174  
.."ooloolol000lolo',o7- 	r I..  + 




The chemistry and synthetic use of pentacoordinate 
phosphoranes have been reviewed by Burger, 52  Ramirez  175  
and Westneimer. 176 
gram 
3. 	The Small-Ring Effect 
3.1 Origins and manifestations 
The small-ring effect was first invoked by Westheimer and 
Covitz 176 ' 177 to explain the difference in reaction rates for 
the basic hydrolysis of cyclic and analogous acyclic phosphates. 
Its origins are not entirely understood, but it is thought that 
ring strain is a major factor, although entropy and steric 
factors may also be important. 
(i) Ring strain 
In an important paper Hudson and Brown 
178  attempted to 
rationalise rate differences between cyclic and analogous 
acyclic phosphorus compounds upon reaction with electrophiles 
and nucleophiles using the concept of ring strain. 	They argued 
that the natural angle at phosphorus, XPX, in tervalerit phos-
phorus compounds is approximately 1000 but upon reaction with 
an electrophile to give a tetracoordinate product, there is a 
concomitant increase in bond angle to approximately 1080  as 
shown in Scheme 76. 	It follows that if phosphorus is enclosed 
in a small ring this reaction will cause an increase in ring 
strain and should, therefore, result in a decrease in reactivity 
relative to an acyclic analogue. 	Conversely, reaction with a 
nucleophiJ.e should lead to increased reactivity of the cyclic 
compound relative to its acyclic analogue. 	As Scheme 76 shows 
nucleophilic substitution leads to a reduction in the bond 
angle at phosphorus, XPX, to 900 and hence a relief of ring 
strain, provided that the ring spans the ae sites of the 
_9_ 
resulting TBP. 	In this example the phosphorus !one pair 
of electrons acts as a"phantom" fifth ligand. I 
C
x /R E 




The foregoing effects have been observed in several 
reactions. 	For example, Aksnes and Eriksen 179  showed that 
triethylphosphite reacted approximately seven times faster 
with the electrophile ethyl iodide than did 3,4--dimethyl-2- 
ethoxy-1 ,3 ,2-dioxaphospholan. 	Larger rate differences have 
been observed for other reactions involving electrophilic 
180,181 attack on cyclic and acyclic tervalent phosphorus reagents. 
Hudson and Brown 178 have also noted that the influence of 
strain appears to increase with the extent of bond formation 
with the electrophilic reagent. 
In the reaction of aminophosphites with benzaldehyde, 
Greenhaigh and Hudson 182 proposed a mechanism involving nuc1eo 
philic attack at phosphorus with the formation of a four-
membered ring transition state as shown in Scheme 77. 	They 
demonstrated that the cyclic reagent (77) reacted Ca. 1150 
times faster than the acyclic analogue (78) , an effect which 
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(77) (RO) 2 -0CH 2CH 20 - 	(78) (R0)2 =(OCH3 ) 2 
Scheme 77 
Release of ring strain, and hence an acceleration of 
reaction rates, would also be expected to occur upon reaction 
of nucleophiles with cyclic phosphoryl or phosphonium compounds 
compared to their acyclic analogues. 	This follows from the 
reduction of the XPX angle from Ca. 108° to Ca. 90° on going 
to a TBP structure (Scheme 78). 178 
CX\ /R O8'P X/ NZ N 
7x 
\ 
x — Fz 
Scheme 78 
In this connection, Westheimer and Covita176 ' 177 have 
hydrolysed methyl ethylene phosphate and trimethyl phosphate 
under base conditions (Scheme 79) and observed large rate 






Allen et al. 383 have also observed large differences in 
the rates of alkaline hydrolysis of cyclic and acyclic phos-
phonium salts. Thus, the phosphonium salt (80) hydrolysed 
4 Ca. 10 times faster than its acyclic analogue (82) . 	The 
authors attributed the difference in rates to relief of ring 
strain upon formation of the intermediate phosphorane (81) 
(Scheme 80) . 	They also noted that the seven-membered ring 
phosphenium salt (83) was apparently strain free as it 















In a related study, Allen and Oades ' hydrolysed a 
Ohos 	 I 
series of henzoyldibenzpho1ium salts (85).., prepared in situ 
by treatment of 5-substituted dibenzophospholes (84) with 
henzoyi chloride in the presence of tr.tethylamine, and 
observed ring expansion to dibenzo[b,d]phosphorins (87) as 
shown in Scheme 81. 	The driving force of reaction was 
thought to be the relief of ring strain in both the 
dibenzophospholium salts (85) and the intermediate phos- 
phorane (86). 	In this connection, they demonstrated that 
the ring-angle at phosphorus in the dihenzophospholium salt 
(85, R = 2-bromobenzyl) was 94° as opposed to the accepted 
o 185 
tetrahedral angle of 108 
PhCOC1 
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Whilst ring strain is obviously important, bteric factors 
may also play a part in determining rate differences between 
cyclic and acyclic analogues. 	For example, Asknes and 
Bergesen186 found that cyclotetramethylene methyl phenyl 
phosphonium iodide (88) hydrolysed approximately 1300 times 
faster than the less strained six-membered ring phosphorinan 
compound (89) under alkaline conditions. 	The authors suggested 
that a considerable part of the rate increase was due to the 
almost planar configuration of the phospholan ring together 
with the strongly hindered rotation of its substituents 
(phenyl and methyl) leaving the phosphorus atom, at any time, 
very exposed to attack from hydroxyl ion; hence leading to 








(ii) Entropy  
In the above discussion typical examples of the small-
ring effect were rationalised in terms of ring strain arguments. 
187 
However, Aksnes and Bergeseri 	have stated that much of the 
kinetic acceleration observed in the hydrolyses of five-memhere 
cyclic phosphoryl esters is derived from entropy effects. 
182 
Greenhalgh and hudson 	have also shown that the heats of 
hydrolysis of the tervalent phosphorus reagents (77) and (78) 
are similar, indicating the absence of any significant ring 
74" 
strain in (77) . 	On the basis of this result, these workers 
concluded that the observed rate difference in the reaction 
of cyclic and acyclic aminophosphites with benzaldehyde was 
due, in part, to entropy changes. 	Similar arguments have 
been recently applied to nucleophilic substitutions at five-- 
and six-membered ring oxasilacycloaikanes) 88 
In the case of nucleophilic attack at cyclic tervalent 
phosphorus compounds or phosphoryl compounds the entropy 
changes are thought to arise from a "loosening of the 
permutational motion 18 of the ring on passing to the five-
coordinate state", thereby causing an acceleration in reaction 
rates. 178 	Conversely, electrophilic attack on cyclic tervalent 
phosphorus compounds is expected to cause a restriction of the 
motions of the ring as it passes from the relatively non -rigid 
tervalerit geometry to the less flexible tetracoordinate form. 
As a result, a retardation in the rate of reaction is observed. 
In addition to having a direct influence upon reaction 
rates, the small-ring effect also plays an important part in 
determining the arrangement of ligands around phosphorus in 
pentacoordinate phosphoranes having a TBP structure. 	Thus, 
as mentioned in Section 2.3 (ii) for compounds containing a 
four-membered ring (90) the natural angle at phosphorus is 900 
and the ring prefers to span ae because considerable strain 
will be encountered in the ee conformation where the angle 
at phosphorus is 120° . 	By comparison, the situation for 
phosphoranes containing five-membered rings is less definitive 
Since the angle at phosphorus is 1080  which is mid-way between 
the value expected for ths. structures (91a) and (91b) 
-75-. 
However, molecular orbital calculations of binding energies 
in pentacoordinate phosphoranes predict 8 that a five-
membered ring can accommodate an angle at phosphorus of 9Q0 
with minimal ring strain, whereas an angle of 1200  leads to 
considerable strain in the ring. 
Lk 
(90) 	 (91a) 	(91b) 
Larger, more flexible rings appear to he mostly strain-
free and can adopt both ae or ee conformations depending on 
the apicophilicity of the atoms attached to phosphorus. 183,190 
Finally, it is to be noted that incorporation of phosphorus 
into a small ring in a pentacoordinate phosphorane leads to 
stabilisation vis-a-vis its acyclic analogue. 	This effect 
can be attributed to a relief of intramolecular crowding by 
31 
tying back the ligands within the ring. 	For example, 	P 
n.m.r. studies have shown that compound (92) exists as a 
zwitterion, 6p +38.5, whereas the cyclic analogue, compound 
(93), is a pentacoordinate phosphorane, 6p _29.8.191 
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3.2 	The small-riri effect in synthesis 
	reaiions which  
involve 2entaccordinatphorus 
Over the last decade, several reports have appeared in 
which the small-ring effect has had a profound influence on 
the course of reactions and/or the stereochemistry and 
stability of the products. 	In the examples to be discussed, 
the synthetic utility is believed to be derived from the relief 
of strain on going from a tetracoordinate pentavalent phos-
phorus species to a pentacoordinate phosphorane, which can 
break down with formation of a strong P = x bond and elimination 
of the desired product. 
The small-ring effect was first used to synthetic advantage 
192 by Turnblom and Katz 172, 	in the preparation of pentacoordinate 
phosphoranes with five P-C ligands. 	Thus, for example, reaction 
of phosphonium salt (94) with phenyl lithium resulted in 
proton abstraction and the formation of a phosphoniurn ylide (95) 
as shown in Scheme 82. 	However, when the size of the ring 
which incorporated phosphorus was reduced, nucleophilic attack 
occurred, in-order to relieve ring strain, and the penta-
coordinate phosphorane (96) was isolated instead (Scheme 83) 
Relief of ring strain has also been associated with the 
facile formation of benzofurazans (99) from the thermal 
decomposition of 1--o-nitroarylimino-1,2,5-tri.phenylphosphoies. 64 
PPh 
For example, thermolysis of (97, PR 3=Ph0Ph, X=H) at 1500 
in mesitylene gave a 65% yield of (99, X=H) . 	Since the 
corresponding triphenyl (97, R = Ph) and triethoxy (97, R =Ot) 
analogues did not decompose under similar conditions the 




















of the strain-free pentacoordinate phosphorarie intermediate 
(98) , which decomposed to benzofurazan and phosphole oxide 
as shown in Scheme 84. 
*~~ 
 X




X (9 9) 
N—PR 3 	 + 
(98) R 3 FO 
Scheme 84 
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The same workers 
 193  also showed that 2-(1,2,5-triphenyl--
l-A 5 -phosphol-1-ylidene) acenaphthen-l-one (100) underwent 
smooth decomposition in diphenyl ether at 175 °C to give 
7,10-diphenyifluoranthene (102) , apparently via ring 
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In another instance, relief of ring strain has been used 
to change the course of the phosphonate modification of the 
Wittig reaction (i.e. Horner-Emmons reaction) and obtain a 
higher proportion of cis-olefin. 	Thus, whereas reaction of 
acyclic phosphonates with carbonyl compounds leads mainly to 
the formation of trans-olefins,  1 94 the use of the cyclic 
phosphonate (103) gave rise to the preferential formation of 
the ci 	sorner (Scheme 86) . 
195 	ii: was argued that the 
-79- 
initially formed betaines (104, threo and erytho) underwent 
rapid ring closure to the stabilised oxaphosphetan (105) 
in order to relieve ring strain. 	As a result, reversible 
betaine formation was inhibited, and more of the kinetically 
favoured erythro betaine collapsed to cis-olefin. 
Me.....Q 	,O 
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(105) 	XCO 2 Et 
Scheme 86 
Relief of ring strain in acyiphospholeniurn salts has 
also provided a simple and mild route to aromatic aldehydes. 196 
Thus, reaction of 3-methyl-1-phenyl-2-phospholene (106) with 
acid chlorides in the presence of triethylamine led to the 
formation of acyphospholenium salts (107) which on treatment 
with water gave the corresponding aldehydes and phospholene 
oxides (108) rather than the expected ring expanded products 
197 
(109) (Scheme 87) . 	 This unusual reaction was thought to 
-80- 
proceed via nucleophilic attack at phosphorus ad not, as 
with acyclic phosphoniurn salts, at the carbonyl carbon. 198 
This change in reactivity was ascribed to relief of ring strain 
in the phospholenium salt (107) , leading to an Increase in the 






• 	 Me 	Me 




OH 	 /R 	ArCHO 
Ph 0 	 Ph 0 
(109) (108) 
Scheme 87 
A kinetic acceleration attributable to the small-ring 
effect also appears to be the determining factor in the 
synthesis of the chiral iminophosphorane (113) from the 
reaction of the phosphetan oxide (110) with tosyl 
isocyanates. 
199 	Apparently, the first-formed zwitterion (111) 
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followed by decomposition to the iminophosphorahe 	(113) with 
retention of configuration (Scheme 88). 	By comparison, 
decomposition of the zwitterion (115) formed from the acyclic 
phosphine (114) , occurred more slowly and other reaction path-
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2. 	Instrumentation 
Infra-red _Spçtr. 	I.R. spectra were recorded 
on a Perkin-Elmer 157G Grating Spectrophotometer. 	Liquid 
samples were recorded as thin films, and solid samples 
(unless otherwise stated) in solution in 'Analar' chloroform 
using matched cells with sodium chloride windows (path length 
0.1 mm) or as nujol mulls. 	Polystyrene film 1inax 
 1603 cm -1 
was used as reference for calibration purposes. 
Mass Spectroscopy. 	Mass spectra and exact mass measure- 
ments were recorded by Mr. D. Thomas on an A.E.I. MS 902 mass 
spectrometer. 
Nuclear Magnetic Resonance Spectroscopy. 
'H N.m.r. spectra were recorded on a Varian EM 360 
spectrometer operating at 60 MHz. 	The spectra of new 
compounds were recorded on a Varian HA 100 instrument 
operating at 100 MHz by Mr. J. Millar or on a Bruker WH 360 
spectrometer operating at 360 MHz by Dr. I. Sadler. 	Samples 
were examined in solution in deuterochioroform unless other-
wise stated. 	Chemical shifts 6H  were measured in parts 
per million relative to tetramethylsilarie as internal 
standard (S = 0.0). 
13 N.rn.r. spectra were recorded on a Varian CFT 20 
spectrometer operating it 20 MHz by Mr. J. Millar. 	Samples 
were examined in solution in deuterochloroform, chemical shifts 
being measured in parts per million relative to tetra-
methylsii.ane. 
-85- 
' 5N N.m.r. spectra were recorded either on a Bruker 
WH360 operating at 36.498 MHz by Dr. I. Sadler or on a 
Bruker WH180 operating at 18.24 MHz by the Physico-Chemical 
Measurements Unit, Harwell. 	Samples were examined in 
solution in deuterochioroform, chemical shifts ((SN)  being 
measured in parts per million relative to external nitro-
methane 	= 0.0). 
31P N.m.r. spectra were recorded on a Jeol FX60 
spectrometer operating at 24.21 MHz. 	Samples were examined 
in solution in deuterochioroform (unless otherwise stated) 
chemical shifts (ô) being measured in parts per million 
relative to 85% external phosphoric acid 	= 0.0). 
Shifts to high frequency of the standard are positive. 
Melting Points. 	Melting points of new compounds were 
obtained using a Kofler hot-stage microscope for stable 
compounds, and on a Gallenkamp melting point apparatus in 
a 'Parafilm'-sealed capillary tube for atmospherically 
unstable compounds. 	Routine melting points were obtained 
using the Gallenkamp apparatus. 
Elemental. Anal ysis. 	Microanalyses for carbon, hydrogen 
and nitrogen were carried out using a Perkin-Elmer 204 
elemental analyser operated by Mr. J. Grunbaum. 
Gas Liquid Chromatography. 	Gas liquid chromatography was 
carried out on a Pye 104 Gas Chromatograph fitted with a 
flame ionisation detector. A 7 foot by 1/8 inch 4% ApL 
column was used with nitrogen as carrier gas. 
-86- 
High 3?erforinan cc Liquid Chromatograp. 	Chron1atograms 
were obtained using a 15 cm x 0.5 cm polished stainless 
steel column slurry packed with Hypersil silica. 	A Cecil 
CE 212 u.v. detector was used. 	The solvent used was a 
50% methylene chloride/50% n-hexane (25% water saturated) 
mixture. 
Thin Layer Chromatography. 	Glass plates covered with a 
0.3 mm layer of alumina (Merck, AluminiurLi oxide G, type E), 
deactivated to Brockman activity 3, or silica (Merck, 
silica gel G) , with added fluorescent indicator (M. Woelm, 
Eschwege, Germany) , were used. 	Components in the developed 
chromatogram were detected by their reaction with iodine 
vapour or their fluorescence in ultraviolet light. 
Column Chromatogr aphy . 	Alumina (Laporte Industries, Type H) 
or silica gel (Fisons Scientific Apparatus, 80-200 mesh) was 
used. 
Optical Rotations. 	A Perkin-Elmer 141 Polarimeter operating 
at 569.3 nm '(sodium D line) was used to measure optical 
rotations. 	Solutions were inserted into a quartz cell, 
path length 1 dm, for measurement. 	Angles of rotation are 
expressed as specific rotations [u] as defined by Vogel. 
-87- 
3. 	Solvents 	 I 
Commercially available solvents were used without further 
purification unless described as 'dry' or 'super-dry'. 
Dry Solvents. 	Light petroleum (petrol, b.p. 40-60°C) and 
benzene were redistilled and dried over sodium wire before 
use. 	Diethyl ether, cyclohexane and tert-butylbenzene 
were dried by standing over sodium wire. 	Methylene chloride, 
1,2-dichiorobenzene and chlorobenzene were dried by heating 
under reflux for several hours with phosphorus pentoxide and 
distilling on to dry molecular sieve. 
Pyridine was dried by heating under refiux for several 
hours with sodium hydroxide pellets and distilling on to 
sodium hydroxide pellets. 	Diethylamine and triethylamine 
were dried by storing over sodium hydroxide pellets. 
1,2-Ethanediol was stored over anhydrous sodium sulphate 
and distilled on to dry molecular sieve before use. 
Super-dry Solvents. 	Super-dry solvents were prepared by 
heating the sodium'dried solvent under reflux for several 
hours with lithium aluminium hydride and distilling on to 
dry molecular sieve. 	Ether, light petroleum (petrol, 
b.p. 40-60°C) , benzene, and 1,4-dioxan were prepared in 
this manner. 
4. 	Preparation of Tervalent Phosphorus Compounds 
Commercially available samples of hexamethyiphosphorus 
triamicle, phosphorus trichioride, dichloro21o, 
chiorodiphenyiphosphine and 	i h 	.ho 	Inc were used 
without further purification. 
OREM 
Trimethyl and triethyl phosphite were a1lwed to stand 
over sodium wire for 24 h then redistilled from fresh sodium, 
under an atmosphere of dry nitrogen, on to dry molecular sieve. 
Dimethyl phenyiphosphonite was prepared by reaction of 
dichiorophenyiphosphine (35.6 g; 0.2 mol) with methanol 
(16 g; 0.5 mol) in the presence of triethylamine (51 g; 
0.5 mol) and dry ether (250 mi) 2.°° 	The product was obtained 
as a colourless oil (25.3 g; 74%), b.p. 68-70 °C/3 mm (lit 01 
101-102 0C/15 mm) , L+ 160.5. 
Methyldi hen ylphosphiflite was prepared by the method 
202 
of Quin and Anderson. 	The reaction of chiorodiphenyl- 
phosphine (44.2 g; 0,2 mol) with methanol (8 g; 0.25 ml) 
in the presence of triethylamine (26 g; 0.26 mol) and dry 
ether (200 ml) gave methyl diphenyiphosphinite (29.7 g; 
69%) , b.p. 116-118 0  C/1 mm (lit 01 151--152 °C/l0 mm) as a 
colourless oil, 6 + 117.0. 
2_phy1_._13,2_ioxaphoSPh0iaa was prepared by the 
procedure of Mukaiyama, Fujisawa, Tamura and Yokot. 03 
Thus, 1,2-ethanediol (15.5 g; 0.25 mol) reacted with 
dichiorophenyiphosphine (45 g; 0.25 mol) in the presence 
of triethyianiine (50.5 g; 0.5 mol) and dry benzene (250 ml) 
under an atmosphere of dry nitrogen, gave 2-phenyl-1,3 1 2-
dioxaphospholan (23.7 g; 56%), b.p. 75
0C/1 mm (lit. 203 79-80°C/ 
0.8 mm) as a colourless oil, 6 ± 161.8 . 	The product was 
either used immediately or stored. 	
o 31 at -10 C. 	The 	P n.m.r. 
spectrum was scanned prior to each use as the compound polymerised 
203 
slowly on storage. 
89 
2-Phenyl-1,3,2-dioxappsphorinan. 	A modification of 
the method of Mukaiyama et al. 203 was used.. Dichiorophenyl-
phosphine (35.8 g; 0.2 mol) in dry benzene (200 ml) was 
added over 1 h to a mixture of freshly distilled 1,3--propane-
diol (15.2 g; 0.2 mol) and triethylamine (40.4 g; 0.4 mol) 
in dry benzene (200 ml) with stirring and cooling in an 
ice/water bath under dry nitrogen. 	The mixture was then 
heated at approximately 45 °C for 45 min and then kept at 
3°C for 12 h to complete precipitation of triethylamine 
hydrochloride. 	The mixture was filtered and the benzene 
removed in vacuo to leave a pale yellow oil which was 
distilled under reduced pressure.. The product was obtained 
as a colourless oil (18.2 g; 50%), b.p. 97-101 °C/0.i mm 
(1it 0 72-74 °C/0.15 mm) 6 +152.7. 
2_pheny1-1,3,2-diOXaphOSphep was prepared by the 
procedure of Mukaiyama and co-workers2,° used above to make 
2-phenyl- 1,3, 2-dioxaphospholan. 	Dichlorophenylphosphine 
(45 g; 0.25 mol) in dry benzene (250 ml) was added dropwise 
over 1 h with stirring to a mixture of 1,4-butanediol 
(22.5 g; 0.25 mol) and dry triethylamine (50.5; 0.5 mol) 
in dry benzene (250 ml) under an atmosphere of dry nitrogen 
with cooling in an ice/water bath. 	When the addition was 
complete, the mixture was heated under reflux for 1 h, 
cooled, filtered and the benzene removed in vacuo. 	The 
resultant pale yellow oil was distilled under reduced 
pressure to give the product as a colourless oil (10.5 g; 
21%), b.p. 97-99°C/0.2 mm (Found: C, 61.3; H, 6.7. 
-90-- 
C3QH 1302P requires C, 61.2; H, 6.7%), Vnax  (neat) 1435 (PPH) r  
1080, 1050, 930, 890 and 850 cm. 	(S 1.58-1.94 (411, m, 
OCH 2CH 2CH 2CH2 O), 3.70-4.26 (411, m, OCH 2 CH 2CH 2 CH 2O), 7.12- 
7.76 (511, in, ArH), 6,+l56.5.. m/e 196 (M4 , 100%), 143 (49), 
125 (45) , 77 (48). 
The attempted preparation of 2-phenyl-1,3,2-dioxaphos-
phocan, by the method used to prepare 2-phenyl--1,3,2- 
203 dioxaphospholan, 	gave a viscous pale yellow oil which 
decomposed on distillation to give, by 31P n.m.r,, a large 
number of phosphorus containing products, exhibiting reson-
ances in the P = 0 region of the spectrum. 	A P n.rn.r. 
spectrum taken before distillation showed a major resonance 
at 5+155.9 with minor signals at 5+153.8 and 6+18.9. 
Diethyiphenyiphosphine was supplied by Miss E. Henry. 
The purity of the compound was checked prior to use by 111 
and 31P n.m.r., 5-15.6. 
1-Phenyl-2,2-dimetyphosphetan was prepared from 
1-phenyl-2,2-dirnethylphosphetan oxide, supplied by Mr. K. Wall, 
by the procedure of Cremer and Chorvat 04 
Trichiorosilane (2.09 g,15 mmoi) in dry benzene (30 ml) 
was added dropwise over 20 min under nitrogen to 1-phenyl--
2,2-dimethylphosphetan oxide (3.0 g, 15 mmol) in dry benzene 
(25 ml) and triethylamine (1.56 g, 15 mmol). 	The solution 
was heated under refiux for 3 h, cooled in an ice bath and 
sodium hydroxide solution (25 ml, 20%) added dropwise over 
40 mm. 	Benzene (100 ml) was added and the organic layer 
-91- 
separated, washed with saturated sodium chlori+ solution 
and dried over anhydrous sodium sulphate. - The solvent was 
removed in vacuo to leave an oil which was distilled under 
reduced pressure to give the phosphetan (0.81 g; 29%) as a 
colourless oil b.p. 45--47 °C/0.25 mm. 	The product was used 
immediately as it has been observed that phosphetans of 
this type oxidise and polymerise rapidly 204. 	5-32.4. 
1_PhenyiphOSPholan was prepared by a modification of 
the procedure of Grtttfler and Krause 05 	A diGrignard, 
prepared by the addition of dry 1,4-dibromobutane (136.5 g; 
0.63 mol) in dry ether (150 ml) to magnesium turnings 
(30.9 g) in dry ether, and dichlorophenyiphosphine (56.6 g; 
0.32 mol), made up with dry ether to the same volume as the 
Grignard reagent, were added dropwise and simultaneously to 
dry ether (1 2.), with stirring and cooling in an ice/water 
bath under dry nitrogen. 	The mixture was stirred for 3 h 
then dry diethylaraine (300 ml) was carefully added with 
stirring and cooling. 	The reaction mixture was allowed to 
stand for 12 h at room temperature. 	The resultant white 
suspension was passed through a short and wide alumina 
column to remove the magnesium salts and the ether removed 
in vacuo to leave a pale yellow oil. 	On distillation the 
product was obtained as a clear colourless oil (15.9 g; 
31%), b.p. 77-80°C/0.2 mm (lit. °6 97°C/3mm), 5-15.8. 
1-Pheriyipho.PhOriflafl was supplied by Mr. T. Naishy. 
The purity of the compound was checked prior to use by 
and 31P n.m,r, 5-33.3. 
-92- 
Dich1oromethylphosjne was prepared by tIe method of 
207 
Soroka. 	Phosphorus trichioride (205.5 -g; 1.5 mol) and 
anhydrous aluminium chloride (226 g; 1.7 mol) were heated for 
30 min at 60-70°C under nitrogen. 	The mixtur6 was cooled in 
an ice/water bath and methyl iodide (213 g; 1.5 mol) added 
dropwise, with continuous stirring and cooling, over 30 mm. 
After 1 h the complex solidified and dry potassium chloride 
(127 g; 1.7 mol) and iron powder (90 g) were added. 	On 
heating the mixture to melting point a black viscous liquid 
distilled out b.p. 80-170 °C. 	The crude product was distilled 
twice on a Vigreux column to yield the phosphine as a 
207 
colourless oil (55 g; 31%) , b.p. 80-82 C (lit., 	80-82 C) , 
&+l9O. 3. 
• 1-Methyl hosphorinan was prepared by the procedure of 
Featherman and Quin. 208  The diGrignard reagent, prepared from 
dry 1,5-dibromopentane (115 g, 0.5 mol) and magnesium (25 
in dry ether (200 ml) was treated with dichioromethyiphosphine 
(29.25 g; 0.25 mol) in ether as described in the preparation 
of 1-phenylphospholan above. 	The product was obtained as a 
colourless oil (3g; 10%), b.p. 34-36 °C/0.7 mm (lit., 
208 
 144-
147°C) , 	-57.6. 
N,N-Diethylaminomethylchlorophosphine was prepared by 
the procedure of Seidel and Issleib.209 Dry diethyl-amine 
(62 g; 0.85 mol) in dry ether (100 ml) was added dropwise, 
with stirring and cooling in an ice/water bath under nitrogen., 
to dichioroinethyiphosphine (50 g; 0,43 mol) in dry ether 
(300 ml) over 2 he 	The mixture was stirred at room temperature 
for 1 h, filtered and the ether removed in vacuo to leave a 
-93-- 
pale yellow oil. 	On distillation the product was obtained 
as a colourless oil (47.2 g; 72%), b.p. 28-29°C/0.5 mm 
(1it. °9 7l-72 °C/O.l7 mm), ó+l47.6. 
Methyi-1-naphthylchlorophos2ine was prepared by a 
variation of the procedure of Horner,Schedlbauer and Beck ° 
l-Naphthylinagnesium bromide, prepared by the addition of 
l-bromonaphthalene (31.0 g; 0.15 mol) in dry ether (50 ml) 
to magnesium (3.64 g) in dry ether (50 ml) and dry benzene 
(40 ml), was added dropwise to a stirred solution of N,N-
diethylaminomethylchiorophosphine (23 g; 0.15 mol) in dry 
ether (100 ml) with stirring and cooling in an ice/water 
bath under nitrogen over 2 h. 	The mixture was warmed and 
stirred at room temperature for an hour, diethylamine (16 ml) 
was then added and stirring was continued for a further hour. 
The resultant white suspension was passed through a celite 
pad and added dropwise to a stirred solution of hydrogen 
chloride (16.4 g; 0.45 mol) in ether (200 ml) with cooling 
in an ice/water bath. 	The mixture was stirred at room 
temperature for 1 h, filtered through a celite pad and the 
solvent removed in vacuo to leave a yellow oil. 	The oil 
was distilled under reduced pressure to yield two fractions. 
The first, a colourless crystalline solid, was identified by 
1 
H n.m.r. as naphthalene (1.62 g; 9%) and the second, a 
colourless oil, was methyl-l--naphthylchlorophosphine 
(17.3 g; 55%), b.p. 125-128 °C/0.4 mm (Found: C, 63.6; 
H, 4.8. C 11H10C1P requires C, 63.3; H, 4.8%) 	'rnax  (neat) 
1505, 795 and 770 cm 1 . 	6 1.93 (3H, d, PMe, J 	10 Hz),PH 
7.12-8.28 (6n. m, ArH) , 8.38-0.64 (11-J, m, ArH) , 	1-81.6, 
in/c M+ 	t observed. 
-94- 
Methyl methyl-1-napht1ylphophiflite was prpared by 
' r the general method described by Quin and Anderson. 202 
The reaction of methyl-1--naphthylchlorophOSphifle (17.3 g; 
0.083 mol) with methanol (2.67 g; 0.083 mol) in the presence 
of triethylamine (9 g; 0.09 mol) and dry ether (130 ml) 
gave methyl methyl-l-naphthylphosphinite (14.6 g; 86%) 
as a colourless oil, b.p. 100-110
0C/0.05 mm (Found: C, 70.4; 
H, 6.1. C17H 130P requires C, 70.6; H, 6.4%), v max (neat) 
2810, 1505, 1140, 795 and. 770 cm 1 . 	6 H 
 1.53 (3H, d, PMe, 
PH 6Hz), 3.45 (3H, d, POMe, J PH 
 14 Hz), 7.00-7.90 (6H, m, 
ArH) , 8.08-8.48 (1H, in, ArH) , 5+114.5, m/e 204 (M+, 82%) 
189 (100) , 159 (29) , 127 (27) 
Methyl methyiphenyiphosphinite was supplied by 
Mr. R.S. Strathdee. 	The purity of the compound was checked 
prior to use by 
1  H and 31P n.m.r., 5+119.0. 
N,N-Diethylaminophenylchlorophosphine was prepared by 
211 
the method of Seidel. 	Dry diethylamine (51.5 g; 
0.71 rnol) was added dropwise, with stirring and cooling in 
an ice/waterbath under nitrogen, to dichlorophenylphosphine 
(60 g; 0.335 mol) in dry ether (150 ml) over 2h. 	The mixture 
was stirred at room temperature for 1 h, filtered through a 
pad of alumina and the ether removed in vacuo to leave a 
yellow oil. 	On distillation the product was obtained as a 
colourless oil (28.8 g; 40%), bp. 81-85 °C/0.1 mm (lit., 211 
82-84 °C/0.05 mm) 
-95- 
Phenyi-m-to1ylchlorophosphifle was preparedf by the 
210 
general procedure of Homer and co-workers, 	used above to 
prepare rnethyl-l-naphthylchlorophosphifle. 	The mixture 
obtained from the reaction of rn-tolylmagnesium bromide, 
prepared from rn-bromotoluene (23.1 g; 0.135 mol) and 
magnesium (3.6 g) in dry ether (70 ml), with N,N-diethyl-
aminophenyichiorophosphine (28 g; 0.13 mol) in dry ether 
(150 ml) and diethylamine (14 ml ) was added to hydrogen 
chloride (0.39 mol) in dry ether (150 ml). 	The resultant 
white suspension was filtered and the ether removed in 
vacuo to leave a yellow oil which was distilled under reduced 
pressure to give the product as a colourless oil (18.3 g; 
60%), b.p. 126-132 0C/l mm (Found: C, 66.6; H, 5.2. 
C13H 12C1P requires C, 66.5; H 5.2%) , max (neat) 1440, 780, 
750, 720 and 690 cm- cSH 2.32 (3H, s, rn Me) , 6.93-8.01 
(9H, m, ArH), 6 ±82.3, m/e 236 (M t , 20%) , 234 (Mt , 63) 
199 (19) , 182 (100) , 168 (73) 
Methyl phenyl-m--tolphosphinite was prepared by the 
general method described by Quin and Anderson. 
:202  Reaction 
of phenyl-m-tolylchlorophosphine (6.7 g; 0.029 mol) with 
methanol (0.93 g; 0.029 mol) in the presence of triethylamine 
(3 g; 0.03 mol) and dry ether (35 ml) gave methyl phenyl-rn-
tolyiphosphinite (5.03 g; 77%) as a colourless oil, b.p. 
120-125 °C/O.05 mm. (Found: C, 73.0; H, 6.5. C 14 H 15 0P requires 
C, 73.0; Fl, 6.6%), v max 
 (neat) 2820, 1430, 1095 and 780 cm- 1. 
2.29 (3M, S. rn Me) , 3.61 (3H, d, POMe, J 1 l4Hz) , 7.00-7.63 
(911, rn, arM), 6 + 117.2, m/e 230 (M t , 83%) , 215 (100) 
109 (13) , 91 (17) , 77 (12) 
MMUMC 
was prepared by sec-Butyl phenyl- -tolylphosphinite 
the general method described by Quin and Anderson 02 
Reaction of phenyl-rn-tolylChlOrOPhOSPhifle (9.38 g; 0.04 mol) 
with sec-hutanol (2.96 g; 0.04 mol) in the presence of 
triethylamine (4.2 g; 0.042 mol) and dry ether (80 ml) gave 
sec-butyl phenyl-m-tolyiphoSPhiflite (8.31 g; 76%) as a 
colourless oil, b.p. 155-165
0C/0.05 mm (Found: C, 74.8; 
H, 7.6. 	C17H210P requires C, 75.0; H, 7.8%) , Vmax (neat) 
1435, 1375, 1095, 745 and 695 cm1. 	611 0.88 (3H, t, 
CH 2CH 3 , J1111 8Hz) , 1.24 (311, d, CHCH 3 , J111 6Hz) 1.40-1.88 
(2H, in, CH 2 CH 3 ), 2.28 (3H, s, mMe), 3.74-4.14 (1H, in, POCH), 
6.98-7.90 (911, m, ArH) , 6 	(diastereoisorners, 1:1)+ 106.5 
and + 106.6, m/e 272 (M, 17%) , 216 (loo), 199 (14) , 182 (11) 
169 (21) , 91 (22) , 77 (10) 
was prepared by the 
method of Homer, 	
10
er, Schedlbauer and Beck. 	The mixture obtained 
from reaction of 1-naphthylmagnesium bromide, prepared from 
l-bromonaphthalefle (14 g; 0.068 mol) and magnesium (1.6 g) 
in dry ether (50 ml) and dry benzene (15 ml), with N,N-
diethyiaminopheflylChlOrophosPhine (14 g; 0.065 mol) in dry 
ether (100 ml) and diethylamine (7 ml) was added to hydrogen 
chloride (0.195 inol) in dry ether (150 ml). 	The resultant 
white suspension was filtered and the ether removed in vacuo 
to leave a yellow oil which was distilled under reduced 
pressure to yield two fractions. 	The first, a colourless 
oil, was identified by 31P n.m.r. 6+160•6 as dichiorophenyl-
phosphine (2.3 g; 20%) , b.p. 40-44 °C/0.05 mm (lit. 212 
46.47°C/0.7 mm) and the second, a pale yellow oil, as 
210 
1_naphthylpheny1Ch10r0Ph0SPh1fl (6.23 g; 35%) , 
-97- 
166-1700C/0.05 mm (lit. ,210 195 °C/0.l mm), 6 p+79L7. 
Methyl 1-naphthylphen12hosphinite was prepared by the 
202 
general method described by Quin and Anderson. 	Reaction 
of l-naphthylphenylchlorophosphine (18.4 g; 0.068 mol) with 
methanol (2.18 g; 0.068 mol) in the presence of triethyl-
amine (7 g; 0.069 mol) and dry ether (85 ml) gave methyl 
1-naphthyiphenylphosphinite (11.84 g; 65%) as a pale yellow 
oil, b.p. 160-170°C/0.05 mm (Found: C, 76.8; H, 5.7. 
C 17H 150P requires C, 76.7; H, 5.7%), v max  (neat) 2820, 
1430, 795, 775 and 695 cm- 
1 .6 3.69 (3H, d, POMe, J PH 
14 Hz) •. 7.10-7.92 (11H, m, ArH) , 8.16-8.34 (1H, rn, ArM) 
rn/c 266 (Mt , 100%) , 251 (85) , 233 (15) , 173 
(33) , 127 (19) , 109 (13) , 77 (13) 
Hexaethylphosphorus triamide was supplied by Dr. N.J. 
Tweddle. The purity of the compound was checked prior to 
use by 1  H and 
31P n.m.r., 6+118.0. 
5. 	Preparation of Phosphoryl Compounds 
Phosphoryl compounds were prepared by the oxidation of 
tervalent phosphorus compounds by lead tetraacetate as 
213 
described by Henry. 
2-Phey-1 ; 3,2-dioxaphospho1an oxide was prepared by 
the portionwise addition of lead tetraacetate (5.39 g; 
0.012 mol) to a stirred solution of 2-phenyl--1,3,2-dioxa-
phospholan (1.86 g; 0.011 mol) in dry methylene chloride 
(30 ml) . 	Heat was evolved and a white slurry was deposited 
as the reaction Proceeded. 	After 1 h of continuous 
stirring the mixture was filtered, washed with water, 
dried over anhydrous magnesium sulphate and the solvent 
removed in vacuo to leave a yellow oil which on distillation 
gave 2-phenyl-1,3,2-dioxaphospholafl oxide (1.47 g; 72%), 
b.p. 120
0C/0.05 mm (lit.2,21-00C/6-7 mm) as a colourless 
oil, 6+36.7. 	On standing the oil formed a colourless 
solid, m.p. 55-57 °C (lit.
14 	
56-58°C) 
2-Phenyl--1,3,2-dioxaphosphe2an oxide was prepared by 
the procedure outlined above. 	Lead tetraacetate (6.34 g, 
0.014 mol) was added to 2-phenyi-1,3,2-dioxaphosphepan 
(2.55 g; 0.013 rnol) in dry methylene chloride (60 ml) 
After filtration, washing and removal of solvent an oil 
was obtained which on distillation gave 2-phenyl-1,3,2-
dioxaphosphepan oxide (1.99 g; 72%) as a colourless oil 
which solidified on standing. 	Recrystallisation from 
ether gave the oxide as colourless crystals, m.p. 73-74 °C 
(Found: C, 56.7; H, 6.1; C 10H 130 3P requires C, 56.6; 
H, 6.2%), Vmax 1445 (P-Ph), 1140, 1030 and 955 cm- 1. 
6  1.68-2.30 (4H, m, OCH 2CH 2 CH 2CH 2 O) , 3.79-4.71 (4H, m, 
OCH 2CH 7 CH 2CH 2 O) , 7.22-8.04 (5H, m, ArH) , 6+21.2, m/e 
212 (Mt 48%), 159 (83) , 141 (100); m*  119.3 (212 - 159). 
6. 	Preparation of Azido Compounds 
All azido compounds were stored in the absence of 
light at -10°C. 	Before use they were warmed to room 
temperature in a desiccator. 
-99- 
o-Azidophenol was prepared by a modification of the 
215 	 I 
method of Forster and Fierz. To o-aminophenol (10 g, 
92 mmol) in concentrated hydrochloric acid (25 ml) and 
(- 	 I 
water (75 ml) , maintained at between 0-5 °C, was added drop-
wise with stirring sodium nitrite (6 g, 87 mmol) in water 
(25 ml). 	Sodium azide (6 g, 92 mmol) in water (15 ml) was 
then added all at once and the solution stirred for 1 h at 
room temperature. 	Ether (500 ml) was added and the organic 
layer separated and dried over anhydrous sodium sulphate. 
Filtration, followed by removal of the ether in vacua at 
room temperature gave a brown solid which on sublimation at 
50°C/o.05 mm gave the product as light sensitive yellow 
crystals (8.2 g; 66%) , m.p. 35-36°C, max  2130 cm 	(N3 ) 
o-Azidophenyl benzoate was prepared by the method of 
Forster and Fierz. 215 Potassium hydroxide (3.75 g, 67 mmol) 
in ethanal (54 ml) was added with stirring to o-azidophenoi 
(7.5 g, 56 mmol) in ethanol (15 ml). 	The solvent was 
removed in vacuo and dry ether (60 ml) added to the residue. 
Benzoyl chloride (11.7 g, 83 mmol) in dry ether (20 ml) was 
then added dropwise with stirring. 	A precipitate formed 
during stirring for 20 h. 	The solution was filtered, 
washed with water (50 ml) and sodium carbonate solution 
(2%, 500 ml). 	The organic layer was separated and dried 
over anhydrous sodium sulphate. 	Filtration and evaporation 
of the solvent left a brown oil which was purified by 
-109 
repeated recrystallisations from petrol (b.p. 4k-60
0C) 
°C at -78 	 18 . 	o-Azidophenyl benzoate (4.; 31%) was obtained 
as light sensitive pale orange crystals m.p. 40-42 °C 
(1it.,215 45C), Vmax 2130 cm- 
1 
 (N3). 
o-Azidophenyl_tosylate was prepared by the method of 
Forster and Fier. 215 Potassium hydroxide (2.5 g, 45 minol) 
in ethanol (35 ml) was added with stirring to o-azidophenol 
(5 g, 37 mmol) in ethanol (20 ml). 	The solvent was removed 
in vacuo and dry ether (50 ml) added to the residue. 
-Toluenesulphofly1 chloride (9 g, 47 mmol) in dry ether 
(50 ml) was then added slowly with stirring. 	A solid was 
precipitated from solution and after 20 h stirring the 
mixture was filtered. 	On removal of the solvent from 
the filtrate in vacuo a solid remained which was recrystallised 
from ethanol to give the product as a colourless crystalline 
solid (4.9 g, 46%), m.p. 69-71 °C (lit? 5 	72 0C), vmax (mull) 
2120 cm 1. (N 3 ) 
o-AzidobenzylalCohOl was prepared in a two step synthesis 
by the method of Smoiinsky? 16 The initial reduction step 
was effected by the method of Nystrom and Brown? 17 
Anthranilic acid (15.1 g, 0.11 mol) was contained in a 
soxhlet over a flask containing lithium aluminium hydride 
(10 g, 0.26 mol) and ether (600 ml) . 	The solvent was 
heated under re-flux and the acid was gradually washed in. 
After 1 h the reaction was cooled and excess lithium 
aluminium hydride destroyed cautiously with water. 	The 
-101-- 
ether layer was decanted off and dried over anhydrous 
magnesium sulphate. 	The solution was fi:Ltered and the 
solvent removed in vacuo to leave a colourless solid, 
o-aminobenzyl alcohol (10.7 g; 79%) , m.p. 79-81 °C (lit) 7 
82 °C), v max 3620 and 3400 cm 1 . 
o-Aminobenzyl alcohol (10 g; 0.081 mol) was dissolved 
in water/hydrochloric acid (1:1; 100 ml), maintained at 
0-5°C, and sodium nitrite (5.75 g, 0.083 mol) in water 
(30 ml) added portionwise. 	After stirring for ½ h the 
diazotised solution was added dropwise to a cold solution 
of sodium azide (6.33 g, 0.097 mol) and sodium acetate 
(84 g, 1.02 rnol) in water (100 ml). 	A yellow solid 
precipitated out of solution which was collected, filtered 
and washed with cold water. 	The solid was dried and 
purified by sublimation at 60°C/0.05 mm to give o-azido--
benzyl alcohol (8.86 g; 73%) as a colourless crystalline 
solid m.p. 48-50°C (lit. 6 m.p. 52-53°C) 	2110 cm"- 1 (N3)max 
o-Hydr azide was prepared in two steps from 
o-hydroxybenzylalcohcl by the method of Hayashi and 0k. 18 
o-Hydroxybenzylaicohol (20 g, 0.16 mol) was dissolved 
in acetic anhydride (40 g, 0.39 mol) and the mixture heated 
under reflux for 3 h 	On distillation two fractions were 
obtained. The first, b.p. 20-30
0C/1 mm, was identified 
as a mixture of unreacted anhydride and acetic acid and 
the second as o-acetoxybenzylacetate (21.5 g; 64%), b.p. 
98-99 °C/0.8 mm (lit. # 9iO3-104°C/1 mm), v (neat) 1740max 
cm 1 (C=0) 
-102- 
A mixture of o-acetoxybenzyiacetate (10.4 g, 50 mmol), 
sodium azide (4.9 g, 75 mmol) and methanol (50 ml) was 
heated under reflux for 2 h. 	After cooling, the mixture 
was added to water (150 ml) and extracted with methylene 
chloride (100 ml). 	The extract was dried over anhydrous 
sodium sulphate, filtered, and the solvent removed in 
vacuo, at room temperature, to leave a pale yellow oil. 
On standing at -100C for 50 h the oil partially crystallised. 
The crystals were collected and recrystallised from carbon 
tetrachloride at -10°C to give o-hydroxybenzylazide as a 
218 
yellow solid (2.64 g; 35%), m.p. 28-30 C (lit., 31-335 C), 
V 
max 
 2110 cm- 
1  (N 3 ). 
trans-2-azidocyclohexanol was prepared by the method of 
220 
Vander Werf, Heisler and McEwen. 	A solution of sodium 
azide (13.9 g, 0.21 mol) in water (35 ml) was added to a 
refluxing solution of cyclohexene oxide (16.6 g, 0.17 mol) 
and 1,4-dioxan (260 ml). 	The mixture was heated under 
reflux for 20 h. 	On cooling two layers formed. 	The upper 
organic layer was treated with dilute hydrochloric acid, 
separated and dried over anhydrous sodium sulphate. 	Removal 
of the solvent in vacuo gave a red oil which on distillation 
under reduced pressure gave a colourless oil identified as 
trans-2-azidocyclohexanol (5.26 g; 22%), b.p. 69-70 °C/ 
0.9 mm' (lit., 220 70-71
0C/1.5 m 	%) max(neat) 2090 cm 1(N3) 
-103- 
2-Azido--1-phenyl-l-ethanol was prepared by the method 
221 
of Boyer, Kreuger, and Modler. 	Attempts to prepare the 
222 
compound by the method of McEwen, Conrad and VanderWerf 
or by treatment of 1-bromo-2-hydroxy-l-ethanol 223 with sodium 
azide resulted in a mixture of isomers. 
A solution of c-bromoacetophenone (33.3 g, 0.17 mol) 
in ethanol (125 ml) and glacial acetic acid (20 ml) was 
cooled to 0-5 °C and sodium azide (22 g, 0.34 mol) in water 
(100 ml) added portionwise. 	On standing at 0-5 0C for 20 h 
a crystalline mass formed which was collected, washed twice 
with water, and dissolved in 1,4-dioxan (50 ml). 	The 
solution was added portionwise to sodium borohydride (8.3 g, 
0.22 mol) in water (40 ml) and 1,4-dioxan (50 ml). 	Hydrogen 
was seen to be evolved. 	The mixture was stirred at room 
temperature for 3 h then heated under reflux for 1 h. 
After cooling dilute hydrochloric acid (50 ml) was added. 
The solution was extracted with ether (300 ml), dried over 
anhydrous sodium sulphate, filtered and the solvent removed 
in vacuo to leave a pale yellow oil. 	Distillation of the 
oil under reduced pressure gave 2-azido-i-phenyl-l-ethanol 
as a colourless oil (17.5 g, 64%), h.p. 88-94 0C/0.5 mm 
(lit., 22111l-l14°C/O.5 mm) Vmax  (neat) 2100 cm'- 
1 
 (N3). 
(S)-(±)-2-Azido-l-12ienv1-1-ethanol was prepared in three 
steps by a combination of the methods of Jensen and Kiskis 224 
and Nakajima, Kinishi, Oda and Inouye. 225  
-104- 
Commercially available (S)-(+)- mandelic aid (22 g, 
0.14 mol) (Aldrich Chemical Co., 99±% Gold Lab&l) was reduced 
in dry ether (300 ml) with lithium aluminium hydride 
(12.2 g, 0.32 mol) to give, after isolation by extraction 
with methylene chloride and recrystallisation from benzene/ 
petroleum M.P. 60-80°), (S)-(+)--phenyl-1,2-ethanediol 
(7.42 g; 37%), M.P. 66-66.5 °C, [x] 4 + 39.9 ± 0.60 
(C = 1.33 g, H 20) (lit. 1 226 m.p. 65-66 °C, [a] 4 + 40.7 ± 0.50 
(c = 3.26 g, 
(S)-(+)--phenyl--1,2-ethanediol (7 g, 0.05 mol) in dry 
pyridine (60 ml) was maintained at 3 °C and -toiuenesulphonvl 
chloride (9.65 g, 0.05 mol) added portionwise with stirring. 
After stirring for 18 h at 3 °C the solution was poured into 
ice and water (200 ml) and extracted with ether (500 ml) 
The ether layer was washed with dilute hydrochloric acid 
(100 ml) and water (100 ml). 	The organic layer was absorbed 
on silica and the product obtained from a wet silica column 
on elution with ether. 	On removal of the solvent in vacuo 
a colourless crystalline solid was obtained; identified 
by 1  n.m.r. as (S)7(+)-2-phenyl-1,2-ethanediol-l-tosylate 
(10.3 g; 70%) with no apparent impurities. 
To (S)-(+)-2-phenyl-1,2-ethanediol--1-tosylate (7.75 g, 
26.5 mmol) in dry benzene (12 ml) was added sodium azide 
(2.59 g, 4C mmol) and 18-Crown-6 (0.35 g, 1.3 mmol) . 	The 
mixture was stirred and maintained at 56 °C for 90 h then 
absorbed on silica and the product eluted from a silica 
column with 1:3, ether:petrol (b.p. 40-60 °C). 	The first 
fraction eluted was collected and the solvent removed in 
vacuc to leave a pale yellow oil which on distillation gave 
a colourless oil identified as (S)- (+)-a-azidomethylbenzyl- 
alcohol (2.65 g; 61%), b.p. 100
0c/0.05 mm, Vma (neat) 
2105 cm 	(N3) . 	
2.80 (in, s, OH), 3.31-3.3 	(2H, rn, 
CH 2 ), 4.50-4.65 (1H, m, CHPh), 7.29 (5H, s, ArH), [a] 3 +l 24 . 3 
± 0.6 0 (c = 2.56 g, Et 20). 	No trace of 2-azido 
1
-2-pheflY1-1 
ethanol could be detected in the product by H n.m.r. or by 
h. p. 1.c. 
The optical purity of (S)_(±)-a-aZidOmethylbeflZyl 
alcohol was estimated by reduction of the azide to the 
corresponding amine and comparison of the measured optical 
rotation with the literature vaiud. 27 ' 228 To lithium 
aluminium hydride (0.68 g, 18 rnmol) in super-dry tetrahydro- 
furan (6 ml) was added, dropwise with stirring under nitrogen, 
(S)_(+)-a-azidomethy1benZYl alcohol (0.58 g, 3.5 mmol) in 
super-dry tetrahydrofuran (9 ml ) . 	The mixture was heated 
under reflux for 2 h, cooled and water cautiously added. 
When hydrogen evolution ceased the mixture was extracted 
with methylene chloride. 	Removal of the solvent, left an 
oil which was applied to a preparative t.l.c. plate and 
run with methanol. 	A band, Rf 	0.1, was collected and 
re-extracted with methanol. 	Removal of the solvent in 
vacuo left an oil which on distillation gave a colourless 
oil which crystallised on standing. 	The colourless solid 
was identified as (S)-(+)-a-aminomethylbenZYl alcohol 
(0.18 g; 36%), b.p. 80-85 °C/0.05 mm, rn.p. 59.5-61 °C 
227 	 -1 
(lit., 61-62 C) Vmax (mull) 3330 and 3280 cm 	(NH 2 ) 
[aJ 3 + 45.3 ± 0.6
0  (c = 2.20 g, EtOH) (lit 8 [c]3 + 44.80 
(c = 2,088 g, EtOH) lit 227 []i8 + 44.6 ± 2.2 0 (c .- 2.05 g, 
EtOH)) 
-106- 
N-(o-azidophenyl)phthalimide was prepared in three 
229 
steps by the method of Smith, Hall and Kan. 
o-Nitroaniline (41.2 g, 0.3 mol), phthaiic anhydride 
(66.3 g, 0.45 mol) and triethylamine (8 g; 0.08 rnol) were 
heated under reflux in toluene for 14 h with an attached 
water separator. 	On cooling yellow crystals formed which 
were collected, washed with ether and dried. 	The product 
was identified as o-nitrophenylphthalimide (55.3 g, 69%) 
m.p. 202-203 °C (lit. 30 2OO-2O3C). 
To o-nitrophenylphthalimide (24.2 g, 0.09 mol) in 
refluxing acetone (1.5 P) was added glacial acetic acid 
(150 ml), water (150 ml)and powdered iron (59 g). 	The 
mixture was stirred rapidly whilst being ref luxed for 1 h. 
The hot solution was filtered and neutralised with sodium 
carbonate solution. 	On standing two layers formed. 	The 
upper layer was decanted off, added to water (12 P) and 
cooled in an ice bath. 	After 2h the solution was filtered 
and a yellow solid, identified as N-(o-arninophenyl)phthalimide 
(19.8 g; 92%), obtained. 	M.p. 190-193 °C (lit 9 190-193°C). 
To a suspension of N-(o-aminophenyl)phthalimide (18 g, 
0.076 mol) in water (1 9) was added concentrated hydrochloric 
acid (100 ml). 	The resulting slurry was chilled to 0-5°C 
and diazotised by the addition of sodium nitrite (6 g, 
0.087 mol) in water (25 ml). 	After stirring for 1 h the 
solution was filtered and sodium azide (5.7 g, 0.088 mol) 
in water (25 ml) added dropwise with stirring. 	A colourless 
precipitate formed which was collected, washed with water 
and dried. 	The product was identified as N-(o-azidophenyl) 
° 	29 phthalimide (18.6 g; 93%) m.p. 184C (1it.i91°C). 
-107- 
o-Az.tdoaniline was prepared by the method f Smith, 
Hall and Kan.229 A slurry of N-(o-azidophenyl)phthalimide 
(14.7 g, 0,056 mol) in ethanol (150 ml) was stirred with 
hydrazine hydrate (2.8 g, 0.056 mol) for 1½h at room 
temperature then water (100 ml) and sodium hydroxide 
solution (25 ml; 20%) were added. 	The solution was 
filtered and extracted with methylene chloride (500 ml). 
Separation and drying of the organic layer followed by 
removal of the solvent in vacuo left yellow-brown crystals. 
The crude product was recrystallised from methanol/water and 
finally purified by sublimation, 56°C/0.05 mm, to give 
o-azidoaniline (4g; 53%) m.p. 60-61 0C (lit? 9 63-63.5 °C) 
as 	yellow light sensitive crystals. 
N-(o-Azidophenyl)henzamide was prepared by the dropwise 
addition of benzoyl chloride (5.8 g, 0.04 mol) over ½ h 
to a suspension of o-azidoaniline (5 g, 0.037 mol) in sodium 
hydroxide solution (50 ml; 5%) with rapid stirring. 	Heat 
was evolved and the reaction mixture stirred for a further 
2 h. 	Ether (200 ml) was added and the organic layer 
separated and dried. 	The ether solution was absorbed on 
alumina and the product obtained from a wet alumina column 
on elution with ether. 	On removal of the solvent in 
vacuo a colourless crystalline solid was obtained which was 
purified by recrystallisation from ether to give N-(o-azido-- 
plienyl)benzamicle (5.6 g; 63%), m.p. 87-88 0C (Found: C, 65.5; 
H, 4,2; N, 23.6; C 13H 10N 40 requires C, 65.5; H, 4.2; 
N, 23.5%), Vmax  3420 (NH) , 2120 (N 3 ) and 1685 cm_ i (C0) 
-108- 
7.00-7.30 (311, m, Aril), 7.32-7.62 (3H, in, Ar), 7.72-7.97 
(2H, in, ArH), 8.24 (1H, s, NH), 8.36-8.61 (III, in, ArH), 
* 
m/e 238 (M+ , 14%) , 210 (28) , in 185.3 (238 - 210) , 105 (100) 
77 (37). 
N- (o-2zidopheny1) -p--toluene-sulphonamide was prepared by 
the portionwise addition of toluene---sulphonyl chloride 
(2.13 g, 11 mmol) to o-azidoaniline (1 g, 7.5 mmol) in pyridine 
(10 ml). 	Heat was evolved and the mixture was stirred for 1 h. 
Water (500 ml) was added and a white solid precipitated which 
was collected and dried. 	Recrystallisation of the solid from 
methylene chloride/ ether gave N-(o-azidophenyl) -2-toluene-
suiphonamide (1 g; 47%) as pale brown crystals, m.p. 137.5-
139°C (Found: C, 54.4; H, 4.2; N, 19.4; C13H 12 N4 02 S requires 
C, 54.2;H, 4.2; N, 19.4%), v 	3340 (NH), 2130 (N3) andmax 
1165 cm 	6 H232 (3H, s, El-le), 6.72-7.78 (9H, in, ArH + NH), 
m/e 288 (M+ , 21%), 260 (14), in 234.7 (288 	260), 156 (36), 
105 (100) , 92 (84) , 91 (80) 
o-Azido-N-triphenylmethylaniline was prepared by the 
dropwise addition of triphcnylmethylchloride (1.04 g, 3.7 mmol) 
in pyridine (4 ml) to a solution of o-azidoaniline (0.5 g, 
3.7 mmol) in pyridine (4 ml). 	The mixture was stirred at 
room temperature for 70 h. 	The solvent was removed under 
high vacuum and the residue absorbed on alumina. 	The product 
was obtained from a wet alumina column on elution with ether/ 
petrol (b.p. 40-60 °C), 5:95. 	Removal of the solvent left a 
purple oil which was dissolved in methylene chloride/petrol 
-109- 
.0 	 0 (h.p. 40-60 C). 	On standing at -10 C purple crystals formed 
which were collected and dried. 	The product was identified as 
o-azido-N-triphenylmethylaniline (0.59 g; 42%),m.p. 124-125 0C 
(Found: C, 79.5; H, 5.5; N, 14.7; C 25H 20N4 requires C, 79.8; 
H, 5.4; N, 14.9%), Vmax  3420 (NH) and 2115 cm- 
1 
 (N3). 
5.52 (1H, s, NH), 5.95-6.19 (lH, m, ArH), 6.33-6.70 (2H, m, 
ArH) , 6.70-7.02 (1H, m, ArH) , 7.02-7.60 (15H, m, ArH) , m/e 
376 (Mt , 7%) , 271 (6) , 243 (100) , 165 (37) 
o-Azido-(N-2,4-dinitrophenyl)aniline was prepared by the 
addition of 1-chloro-2,4-dinitrobenzene (3.83 g, 19 mrnoi) and 
anhydrous sodium acetate (1.5 g, 18 mmol) to o-azidoaniline 
(3 g, 22 mmol) in methanol (22 ml). 	The mixture was heated 
under reflux for 41 h. 	The solvent was removed under reduced 
pressure and the mixture absorbed on silica. 	The product was 
obtained from a wet silica column on elution with ether/petrol 
(h.p. 40-60 0C) , 1:9. 	Removal of the solvent in vacuo left 
a red crystalline solid which was recrystallised from 
ethanol/methylene chloride. 	The product was recrystallised 
from ethanol/methylene chloride. 	The product was identified 
as o-azido-(N--2,4-dinitrophenyl)aniline (1 g, 18%) , m.p. 
137.5-140°C (Found: C, 27.8; H, 2.7; N, 27.8; 
C 12H 8N 6 04 requires C, 48.0; H, 2.7; N, 28.0%), vmax  3340 (NH), 
2115 (N 3 ), 1510 and 1340 cm- 1. 	6  7.02 (1H, d, 6 1 ArH, 
JHH 9 HZ collapses on irradiation at 68.16) , 6.8-7.55 14H, m, 
ArH), 8.16 (lii, d of d, 5'-ArI-I, J11119FIz, JHH3Hz),  9.12 
(111, d, 3'-ZrH, JHH3HZ collapses on irradiation at 68.16) 
+ 
9.72 (1H, s, NH), m/e 300(M , 46%), 272(26), m i246.6 
(300 -, 272), 225 (35), 179 (46), m 142.4 (225 - 179), 
106 (100). 
Phenylazide was prepared by the method of Lindsay and 
-, Allen. 231  To concentrated hydrochloric acid (55.5 ml) and 
water (100 ml) , stirred and cooled in an ice/water bath, was 
added dropwise phenylhydrazine (35.5 g, 0.33 rnol). 	On 
cooling to 0°C ether (100 ml) was added all at once followed 
by the portionwise addition, over ½ 
(25 g, 0.36 mol) in water (30 ml). 
separated and the azide purified by 
alumina column eluted with ether. 
in vacuo to leave an orange oil, st 
h, of sodium 
The organic 
passing down 
The solvent i 






molecular sieve, phenylazide (24.1 g; 62%), ' u  max (neat) 
2100 cm-1 (N 3 ) 
7. 	Preparation of Iminophosphoranes and Pentacoordinate 
Phosphoranes: Reaction of Azido Compounds with 
Tervalent Phosphorus Rents 
General Procedure 
These reactions were carried out in carefully dried 
glassware and solvents as iminophosphoranes and pentacoordinate 
phosphoranes are hydrolytically unstable. 	Unless otherwise 
stated all reactions were carried out at room temperature. 
-111- 
A solution of azide (1-10 inmol) in super-dry solvent 
(5-20 ml) was added, dropwise with stirring under an 
atmosphere of dry nitrogen, to a tervalent phosphorus 
reagent (1-10 mmol) in super-dry solvent (5-20 ml). 
Nitrogen and heat were evolved and the rate of addition of 
azide solution regulated so as to maintain a steady mild 
reaction. 	The reactions were generally complete within 
2 h, as shin by 31P n.m.r., and the products were isolated 
by recrystallisation from super-dry solvents or by distillation. 
All manipulations involving these labile compounds were carried 
out in a dry-box under an atmosphere of dry nitrogen. 
7.1 Reaction of o-Azidophenol with Tervalent Phosphorus Reagents 
(i) 2,2,2-Trimethoxy--1,3,2-benzoxazaphospholine was prepared 
by the addition of o-äziclophenol (1.55 g, 11.5 minol) in super- 
0 dry petrol (b.p. 40-60 C, 20 ml) to trimethylphosphite 
U.44 g, 11.6 mrnol) in super-dry petrol (b.p. 40-60 0C, 10 m. 
Nitrogen was evolved and the mixture stirred under an atmosphere 
of dry nitrogen for 3:0 h. 	The solution was blown down to small 
volume.,, with a. stream of dry nitrogen, and left to stand at 
-10°C for 100.h. 	The phospholine (2.60 g; 98%) was obtained 
as pale orange crystals, m.p. 42-44 °C (Found: C,47.0; H,6.0; 
N,6.1; C 9 H, 4N04 P requires C,46.8; 1-1,6.1; N,6.1%), v 	 3470max 
(NU), 2840, 1500, 1390, 1270 and 910 cm- 1. 	& 3.58 (9H, d, 
FUMe, J 	 13Hz) , 5.58 (111, d, NH, J PH  20 Hz) , 6.62-6.84PH 
(4H, rn, AM), 	-5l.5, rn/c 231 (Mt , 64%) , 200 (90) , 199 (100) 
185 (32) , 184 (28) , m 	171.4 (231 -- 199) , 169 (26) , 109 (34) 01  
93 (78). 
-112- 
2,2,2-Triethoxy--1,3,2-benzoxazaphospholin was prepared 
by the addition of o-azidophenol (1.50 g, 11.1 Imol) in super-
dry petrol (b.p. 40-60°C, 12 ml) to triethyiphosphite (1.91 g, 
11.5 nimol) in super-dry petrol (b.p. 40-60°C, 8ml). 	Nitrogen 
was evolved and the mixture stirred under an atmosphere of dry 
nitrogen for 20 h. 	31P N.m.r. showed complete conversion to 
the phospholine. 	The solution was blown down to small volume, 
with a stream of dry nitrogen, and cooled to -10 °C for 20 h. 
The phospholine (2.92 g; 96%) was obtained as a colourless 
crystalline solid, m.p. 32-34 °C. 	A satisfactory analysis 
could not be obtained due to the hydrolytic instability of 
the compound, however an exact mass measurement was obtained, 
found, M, 
3470 max 
(9H, d of 
q, OCH 7 CH 
6.46-6.82 
273. 112342, 
(NH) , 1500, 
t, OCH 2 CH 3 , 
3' HH 7 Hz, 
(4H, in, ArH 
C 12H 20N04P requires M, 273.112987. 
1390, 1270 and 890 cm- 1.6 H 1.16 
HH 7 Hz, PH 	Hz), 3.93 (61-1, d of 
PH 8.5 Hz), 5.50 (1H, d, NH, J PH  20 Hz), 
6_539 m/e 273 (Mt , 13%), 228 (17), 
227 (15) , 171 (100) , 153 (12) , 109 (23) , 79 (30) 
2 ,2-Dimethoxy-2-phenyl-1, 3, 2-benzoxazaphospholine 
was prepared by the addition of o-azidophenol (0.83 g, 6.1 rnrnol) 
in super-dry petrol (b.p. 40-60°C, 10 ml) to dimethyl phenyl-
phosphonite (1.06 g, 6.2 mmol) in super-dry ether (10 ml). 
Nitrogen was evolved and the mixture stirred under an atmosphere 
of dry nitrogen for 80 h. 	The solvent was blown down to 
small volume, with a stream of dry nitrogen, super-dry petrol 
(h.p. 40-600C, 10 ml) added and the mixture left to stand 
-113- 
at -10°C. 	The phospholine (1.58 g; 92%) was ob 1tained as a 
colourless crystalline solid, rn.p. 70-72 °C (Found: C, 60.8; 
Fl, 5.8; N, 5.0; C 14H 16NO 3P requires C, 60.7; H, 5.8; N, 5.1%), 
vmax 3460 (NH), 2730, 1495, 1385 and 905 cm-' 1. 	16  3.52 
(6H, d, POMe, J PH  12 Hz) , 5.58 (1H, d, NH, J 	 19 Hz), 6.47- PH 
7.90 (911, m, ArH), O-39.8, rn/c 277 (Mt , 29%), 263 (9), 245 
(100) , 231 (18) , 155 (35) , 138 (62) , 109 (47) , 77 (59) 
2-Dipheny1-2-methoxy-1, 3,2-benzoxazaphospholine 
was prepared by the addition of o-azidophenol (0.64 g, 4.7 mmol) 
in super-dry petrol (b.p. 40-60 °C, 10 ml) to methyl diphenyl-
phosphinite (1.04 g, 4.8 rnmol) in super-dry petrol (b.p. 
40-60°C, 5 ml). 	On addition the solution instantly turned 
yellow followed by rapid evolution of nitrogen. 	When the. 
reaction was complete, the phospholine (1.38 g; 90%) , a 
colourless solid precipitated out of solution and was collected, 
washed with super-dry petrol (b.p. 40-60°C), and dried. 
M.P. > 240°C (decomp.) (Found: C, 70.3; H, 5.6; N, 4.4; 
C19H 18NO2P requires C, 70.6; H, 5.6; N, 4.3%), Vrnax 3460 (NH), 
2830, 1495, 1440, 1385, 1260 and 885 cm1. 	0H 2.98 (3H, ci, 
POMe, J PH  11 H. z) , 4.86 (1H, d, NH, J pH  20 Hz) , 6.45-6.80 
(4H, m, ArH) , 7.20-7.90 (10 H, m, ArH) , 6-36.0, rn/c 323 
(Mt , 2%) , 309 (68) , 291 (9) , 201 (100) , 185 (7) , 183 (6) 
77(27). 
2_Pheny1sp .Lro_[1,3,2_dio x hospho 1 an_2,2t_[1,3,2]_ 
benzoxazaphosphoiine] was prepared by the addition of o-azido-
phenol (0.46, 3.4 mmol) in super-dry ether (ii ml) to 2-phenyl-
1,3,2-dioxaphospholan (0.58 g, 35 mrnol) in super-dry ether 
-114- 
(6 ml) . 	Nitrogen was evolved and the solution ptirred for 
18 h. 	On standing at -10°C the product crystallised as a 
colourless solid. 	The phospholine (0.66 g; 70%) was collected 
and dried, m.p. 141-144 °C (Found: C, 61.3; H, 5.1; N, 5.0; 
C 14 H 14 NO 3 P requires C, 61.1; H, 5.1; N, 5.1%),v max  3460 (NH), 
1490, 1380, 1260, 1070 and 905 cm 	6 H  3.40-4.24 (4H, rn, 
OCH 2 CH 2O) , 5.73 (1H, d, J 11 18 Hz), 6.40-6.94 (4H, rn, ArH) 
7.02-7.94 (5H, m, ArH), 6 -26.4, rn/c 275 (Mt , 96%), 231 (100), 
m 194 (275 - 231) , 109 (62) 
(vi) N- (2-HydroyJ?henyl) imino 	hejohine was prepared 
by the addition of o-azidophenol (1.31 g, 9.8 rnrnol) in super-
dry benzene (10 ml) to a ref luxing solution of diethyiphenyl-
phosphine (1.69 g; 10.2 mmol) in super-dry benzene (10 ml). 
On addition the solution instantly turned deep red followed 
by the vigorous evolution of nitrogen. 	The mixture was heated 
under reflux for 1 h then the solvent was removed with a stream 
of dry nitrogen. 	A red oil was obtained, shown by 
31P n.rn.r. 
to be the only phosphorus containing product, which was purified 
by bulb to bulb distillation at 150-160 °C/0.05 mm to give the 
phosphinirnine 12.29 g; 87%) as a pale brown oil (Found: 
C, 70.3; H, 7.3; N, 5.1; C 16 H 2QNOP requires C, 70.3; H, 7.4; 
N, 5.1%) 	3290 (broad band OH) , 1495, 1115, 1045, 1020max 
anc1 695 crn, 	ó 1.04 (6H, d of t, CH2CH3, 1HH8HZF PH 
17 Hz), 2.11 (4H,d of q, CH2CH311 im  8 Hz, J PH 11 Hz), 
6.28-6.96 (411, in, ArH) , 7.24-7.85 (6H, m, ArU -i-OH), 6 +21.5, 
rn/c 273 (M t , 100%), 256 (11), 244 (28), 216 (20), 196 (11), 
-•115- 
165 (92) , 138 (50) , 120 (55) , 109 (74) , 105 (36) . 	No P'1 
species were observed in the 31 P n.m.r. spectrum after 
standing in solution at room temperature for 120 h. 
2',2'-Dimethyl - 2 -phey1spiro - [l,3,2 -benzoazaphospholin 
2,l'-phosphetan] was prepared by the addition of o-azidophenol 
(0.51 g, 3.8 mrnol) in dry methylene chloride (7 ml) to freshly 
distilled 2,2-dimethyl-l-phenyiphosphetan (0.81 g, 4.6 irnitol) 
in dry methylene chloride (5 ml). 	Nitrogen was evolved and 
the solution stirred for 17 h. 	The solvent was blown down 
to small volume, with a stream of dry nitrogen, super-dry 
petrol (b.p. 40-60°C) added and the mixture left to stand at 
-100C. 	The spirophosphorane (0.90 g; 83%) was obtained as a 
pale orange crystalline solid, m.p. 142-145 °C (Found: C, 71.6; 
H, 7.2; N, 4.7; C 17 H 20N0P requires C, 71.6; H, 7.1; N, 4.9%), 
V 
max 
 3460 (NH) , 1490, 1380, 1100 and 905 cm- 1. 	5 H  0.85- 
2.64 (4H, m, ring CH 2 ), 1.47 (31-i, d, Me, J PH  19 Hz), 1.48 
(3M, d, Me, J PH  22 Hz), 4.21 (1H, d, NH, J PH 
 28 Hz), 6.38- 
6.81 (4H, m, ArH) , 7.18-8.03 (5H, m, ArH) , 	-4O.7, m/e 
285 (M b , 71%) , 257 (29) , 229 (100) , 214 (36) , 138 (79) , 91 (19) 
77 (10) 
2-Phenylspiro-[1,3,2-benzoxazaphospholine-2,1t-phospholan 
was prepared by the addition of o-azidophenol (0.43 g, 3.2 rnrnol) 
in dry methylene chloride (12 ml) to l-phenylphosphoian 
(0.53 g, 3.2 mmol) in dry methylene chloride (12 ml). 	Nitrogen 
was rapidly evolved and a colourless solid precipitated from 
solution. 	The spirophosphorane was collected and dried 
(0.82 g; 95%), rn.p. > 210C (decomp.) (Found: C, 70.7; 
-116-- 
H, 6.7; N, 5.1; C 16H 18N0P requires C, 70.8; Fl, 6.7; N, 5.2%), 
max (mull) 3140 (NH), 1490, 1370, 1115 and 920 cm -1 
6H(d6DMS0) 1.24-2.20 (8H, in, ring ç2) , 6.12-6.82 (51-I, m, 
ArH + NH), 7.24-7.76 (5H, m, ArH), 6 	 (CDC1 3 )-20L1, rn/c 
271 (Mt , 100%), 242(58), 219 (38), 205 (29), 163 (75), 138 (92). 
(ix) N-(2-Hydroxyphenyl) imino-l-phenylphosphorinan was prepared 
by the addition of o-azidophenol (0.94 g, 7 mmol) in dry 
methylene chloride (7 ml) to a refluxing solution of 1-phenyl-
phosphorinan (1.25 g, 7 rnrnol) in dry methylene chloride (8 ml). 
On addition the solution instantly turned dark red followed by 
the rapid evolution of nitrogen. 	The mixture was heated under 
reflux for 2 h, cooled and the solvent removed with a stream of 
dry nitrogen. 	A red oil was obtained which was purified by 
bulb to bulb distillation at 150
0C/0,05 mm to give the 
phosphininiine (1.41 g; 71%) as a viscous red oil which 
crystallised on standing m.p. 106-108 °C (Found: C, 71.7; 
H, 7.0; N, 4.8; C 17H 20N0P requires C, 71.6; H, 7.1; N, 4.9%), 
'max 3260 (broad OH) , 1110, 1040 and 930 cm- 1.6 H 1.20-2.63 
(10H, in, ring CH 2 ) , 6.30-6.92 (4H, m, ArH) , 7.26-7.88 (6H,m, 
ArH + OH) , S+7. 7, rn/c 285 (M i , 97%) , 268 (11) , 242 (19) 
177 (100) , 109 (31) , 91 (14) 
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7.2 	Reaction of o-Azido2efly1beflZ6ate with Trvaleflt 
Pho sphorus Reagents 	 - 
(1) 	N_(2_BenzoXyXyPheflYl) iminotr2heny1ph2phifle was 
prepared by the addition of o-azidophenylbeflZoate (0.45g, 
1.9 mmol) in super-dry petrol (b.p. 40-60 0C, 10 ml) to a 
solution of triphenyiphosphine (0.49 g, 1.9 rnmol) in super- 
dry ether (4 ml). 	Nitrogen was evolved and an oil deposited 
which crystallised on stirring to give colourless crystals 
of the irninophosphorafle (0.80 g; 90%), m.p. 108-110 0C 
(Found: C,78.4; H,5.0; N,2.9; C 31H 24NO2P requires C,78.6; 
H,5.1; N,3.0%) , \)max(mull) 1720 (C=O), 1360, 1100 and 
705 cm- 1. 	6H 6.44-6.86 (2H, m, ArH), 7.00-7.84 (19H, m, 
ArH) , 7.98-8.40 (3H, In, ArH) , 	
+ 3.4, m/e 473 ± 3 (M, 	1%) 
278 (19) , 277 (31) , 195 (100) , 167 (8) . 	This compound was 
very unstable, decomposing rapidly in solution, and could only  
be isolated by the precipitation procedure described above. 
7.3 	Reaction of o_AzidophenyitOSylate with Tervalent 
Phosphorus Reagents 
(i) 	N- (2_p_ToluenesulPhoflOYYlPheflYl) iminotrimeth->'t phosphite 
was prepared by the addition of o-azidophenyl tosyJ.ate 
(0.58 g, 2 mmol) in dry ether (5 ml) to trimethyiphosphite 
(0.27 g, 2.2 mmol) in dry ether. 	Nitrogen was evolved and 
after stirring for 20 h the irninophosphorane (0.70 g; 91%),a 
colourless crystalline solid, crystallised out of the 
solution, m.p. 84-85 °C (Found: C,50.0; H,5.2; N 1 3.7; 
C 16H 2QNO6 PS requires C,49.9; H,5.2; N,3.6%), 'rnax (mull) 
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760, 725, 690 and 660 cm- 1.6 2.40 (3H, s, jMe), 3.72 
(9H, d, POMe, J PH 
 11Hz), 6.42-7.32 (6H, rn,ArH), 7.70-7.85 
(2H, m, ArH) , 6-0.1, m/e 385 (Mt , 39%)f 230 WO), 202 (56) 
109 (20), 93 (15), 91(16). 
(ii) 	N-(2-p-Toluenesulphonoxylpheflyl) iminotriphenyiphosphine 
was prepared by the addition of o-azidophenyl tosylate 
(0.47 g, 1.6 mmol) in dry ether (5 ml) to triphenyiphosphine 
(0.42 g, 1.6 mmol) in dry ether (5 ml). 	Nitrogen was rapidly 
evolved and after 21 h the iminophosphorane (0.76 g; 94%), a 
colourless crystalline solid, crystallised out of solution, 
m.p. 206 - 209 0C (Found: C,71.1; H,5.0;, N,2.7; C 31H 26 NO 3 PS 
requires C,71.1; H,5.0; N,2,7%), v max  (mull) 1110, 880, 770, 
750 and 715 cm- 1.6 2.24 (3H, s, p Me) , 6.24-7.85 (23H, m, 
ArE), 6 +4•4, m/e 523 + 4(M, 13%), 366 ± 2(100), 340 ± 2(29), 
262(16), 183(29), 108(18), 91(9). 
7.4 	Reaction of o-Azidobenzyi alcohol with Tervalent 
Phosphorus Reagents 
(1) 	N- (2-Hydroxymethyiphenyl) iminornethyl diphenyiphosphinite 
was prepared by the addition of o-azidohenzyl alcohol (1.20 g, 
6 rnmol) in super-dry ether (10 ml) to methyl diphenyiphosphinite 
(1.74 g, 8 mmol) in super-dry ether (8 ml). 	Nitrogen was 
evolved and the solution stirred for lh at room temperature. 
The reaction mixture was cooled to -10 0C and the iminophosphoranc-
(2.37 g; 83%), a colourless crystalline solid, crystallised out 
of solution, m.p. 65-68 °C (Found: C,71.0; H,6.1; N,4.2; 
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C20H 20NO2P requires C,71.2; H,6.0; N,4.2%),
maL 3340 (broad OH), 
1485, 1440, 1125 and 690 cm- 1.6 H 3.67 (3H, d, POMe, J PH 
13. Hz), 4.87 (211, d, CH2OH, 
HH  6Hz), 5,84 (ill, d of t, CH 2OH, 
HH 6Hz, J PH  2Hz), 6.54-8.06 (14H, rn, ArH), 6 +22.4, m/e 337 
(Mt , 3%), 322(1), 	305(4), 232(93) , 231(100), 202(20), 199(26), 
155(33), 77(55). 	The iminophosphorane reacted rapdily in 
solution to give after 18 h three major products, 6 (CDC1 3 ) 
+33.4. +18.4, +17.7 and a minor peak at 6 +22.3. 	The 
crystalline compound turned yellow on standing at -10 °C and 
31 n.m.r. showed that it had decomposed to give several 
phosphoryl products. 
(ii) 	2-Phenylspiro-[A 4 -1,3,2-benzoxazaphosphorjnan-2,2'- 
[1,3,21-dioxaphospholan] was prepared by the addition 
of o-azidobenzyl alcohol (0.88 g, 5.9 rnmol) in super-dry ether 
(18 ml) and super-dry petrol (b.p. 40-60 0C, 6 ml) to 2-phenyl-
1,3,2-dioxaphospholan (0.99 g, 5.9 mmol) in super-dry ether 
(10 ml) . 	Nitrogen was slowly evolved and after 3 h a trace 
quantity of an oil had deposited. 	The reaction mixture was 
cooled to -10°C and the spirophosphorane (1.03 g; 61%), a 
colourless crystalline solid, crystallised out of solution, 
m.p. 95-98 °C (Found: C, 62.5; H,5.5; N,4.8; C15H 16NO3P requires 
C,62.3; H,5.6; N,4.8%), v 	 3430 (NH), 1470, 1275, 940 andmax 
695 cm. 	6  3.32-4.28 (4H, m, OCH 2CH 2 O), 4.56 (1H, ci of ci, 
HCH, J HH  14Hz, J 1 1711z), 4.90 (1H, d of ci, HCH, J11  14Hz, 
Jp 17Hz), 5.82 (1H, ci, NH, J PH  8HZ) ç 6.45-7.90 (91-I, m, ArE), 
rn/e 289 (Mi , 51%) , 185 (100), 141 (42), 105 (58), 
77(28). 
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(iii) N-(2-Hydroxymethylpheflyl) iminotriphenyiphosphine 
was prepared by the addition of o-azidobenzyi alcohol (0.46 g, 
3.1 mmol) in dry ether (8 ml) to triphenylphosphine (0.80 g, 
3.1 mmol) in dry ether (8 ml). 	On addition the solution 
instantly turned bright yellow followed by the evolution of 
nitrogen. 	After stirring for l½h a pale yellow crystalline 
solid was isolated by filtration and washed with ether to 
give the iminophosphorane (0.59 g; 51%), m.p. 148-149 °C 
(Found: C,78.1; H,5.7; N,3.6; C25H 22N0P requires C,78.3; 
H,5.8; N,3.7%), Vmax 3340 (OH, broad), 1480, 1110 and 690 cm- 1. 
6 11 4.85 (2H, d, CH 2 1  HH 6Hz), 5.97 (1H, t, OH, J HH 
 6Hz), 
6.39-8.01 (19H, m r ArH) , 6 +6.7, rn/c 383 (Mt , 60%), 352(18), 
278(53) , 277(100) , 262(77) , 183(48), 108 (26) , 77(20) 
The product was stable in solution at room temperature 
indefinitely. 
7.5 	Reaction of o-Hydroxbenzy1azide with Tervalent 
Phosphorus Reagents 
(i) 	2_Pheny1siro-[A 5 -1,3,2-benzoXaZaphOSPhOriflafl2,2' 
[1,3,2]-dioxaphosphOlan] was prepared by the addition of 0-
hydroxybenzylazide (0.50 g, 3.4 mrnoi) in dry methylene 
chloride (8 ml) to 2-phenyl--1,3,2--dioxaphospholan (0.56 g, 
3.3 mmol) in dry methylene chloride (5 ml). 	Nitrogen 
evolution was very slow therefore the mixture was heated under 
rcflux for 2h. 	The reaction mixture was concentrated to Ca. 
5 ml and on cooling to -10°C the spirophosphorane(0.58q;60%),a colourless 
crystalline solid, crystallised out of solution m.p. 
144-347°C (Found: C,62.1; 1-1,5.6; N,4.8; C 15H 16NO 3P requires 
C,62.3; 1-1,5.6; N,4.8%), v max 
 3460 (NH) , 1490, 1080 and 
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885 cm. 	611 3.26-3.40 (511, in, OCH 2 CH 2 0 + NH), 4.10 
(211, d of d, ArCH 2N, J HH 4Hz, J 11 18Hz) , 6.56-7.90 (911, in, 
ArH) , 6-4O.9, m/e 289 
	
100%), 244 (20), 168(17), 140(35), 
121(27), 105(12), 91(8), 77(19). 
7.6 	Reaction of trans-2-Azidocyclohexanol with Tervalent 
Phosphorus Reagents 
(1) 	2,2-Dipheny1-2-rnethoxy-trans-4-cyc1ohexy1-1,3,2- 
oxaza2hospholan was prepared by the addition of trans-2--
azidocyclohexanol (0.74 g, 5.2 mmol) in dry methylene chloride 
(8 ml) to methyl diphenylphosphinite (1.15 g, 5.3 rnmol) in 
dry methylene chloride (3 ml). 	Nitrogen was evolved and the 
solution stirred for 3h. 	The solvent was removed with a 
stream of dry nitrogen to leave an oil which crystallised from 
super-dry petrol 	 0 (b.p. 40-60 C, 3.5 ml) at -100  C to give the 
hosphorane (1.06 g; 62%) as a colourless crystalline solid, 
m.p. 71-73 °C (Found: C,69.1; 11,7.4; N,4.0; C 19H 24NO2P requires 
C,69.3; H,7.3; N,4.3%), VIax  3460 (NH), 2850, 1435 and 
690 cm- 1. 	6H 1.00-2.10 (1011, m, aliphatic H) , 2.79 (3H, ci, 
POMe, J 11 11Hz), 6.92-8.02 (10H, m, ArH), NH not observed, 
m/e 329 (Mi , 41%), 298(97), 254(46), 216(99), 
201 (100) , 155 (20) , 96 (50) , 77 (69) 
(ii) 	2-Phenylspiro-[trans-4,5-cyclohexyl-1,3,2--oxazaphos- 
pholan-2,l'-phospholanl was prepared by the addition 
of trans-2-cyclohexanol (0.42 g, 3 rnmol) in super-dry ether 
(10 ml) to 2-phenyiphospholan (0.49 g, 3 mmol) in super-dry 
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ether (6 ml). 	Nitrogen was slowly evolved and after stirring 
for ih the spirophosphorane (0.49 g; 60%), a white crystalline 
solid, crystallised slowly out of solution m.p. 37-39 °C. 
A satisfactory analysis could not be obtained due to the 
hydrolytic instability of the compound, however an exact mass 
measurement was obtained, found, M, 277.155569, C 16 H 24 N0P 
requires N, 277.159544. 	Vmax 3450 (NH) , 1435, 1115 and 
690 cm- 1.6 H 0.71-3.20 (18H, m, aliphatic H) , 7.10-7.85 
(511, m, ArH) , 640•1 m/e 277(M + , 8%) , 248(6) , 219 (6) , 180 
(72), 164(68), 152(54), 77(92), 68(100). 	It was observed, 
by 31P n.m.r., that the compound hydrolysed extremely rapidly -
on addition of water to give 1-phenyiphosphorinan oxide. 
77 	Reaction of 2-Azido-l-phenyl-1-ethanol with Tervalent 
Phosphorus Reagents 
(i) 	2,2-Dimethox-2,5-denyl-1,3,2-oxazaphospholan was 
prepared by the addition of 2-azido-l-phenyl-l--ethariol (0.50 g, 
3 mxnol)in dry methylene chloride (8 ml) to dimethyl phenyl-
phosphonite (0.52 g, 3 mmol) in dry methylene chloride (5 ml). 
Nitrogen was evolved and the solution was stirred for 20h. 
The solvent was removed with a stream of dry nitrogen to 
leave an oil which crystallised from super-dry ether (4 ml) and 
petrol (b.p. 40-60 °C, 15 ml) at -10°C to give the phosphorane 
(0.60 g; 65%) as a colourless crystalline solid, m.p. 55-58 °C 
(Found: C,62.7; H,6.5; N,4.7; C 16 H 20NO 3P requires C,62.9; 
H,6.6; N,4.6%) ,max3480  (NH) , 1325, 1270, 950 and 700 cm4, 
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6 H 2.70-2.98 (1H, in, NCH 1H 2 ) , 3.04-3.50 (111, rn,1 NCH 1H 2 ) 
3.40 and 3.61 (611, 2 x d, 2 x POMe, J PH  11Hz aid J PH  11Hz; 
both collapse on irradiation at the same 31P frequency), 
4.54-4.80 (1H, m, OCHPh) , 6.95-7,90 (10H, m, ArH) , NH not 
observed, 
644•8 
 m/e 305 (Mt , <1%), 262 (4), 186(13), 
118(100), 91(35), 77(19). 
2-Methoxy---2,2,5-triphenyl-1,3,2-oxazaphospholan 
was prepared by the addition of 2-azido-1-phenyl-1-ethanol 
(0.53 g, 3.3 mmol) in dry methylene chloride (10 ml) to 
methyl diphenyiphosphinite (0.71 g, 3.3 inmol) in dry methylene 
chloride (5 ml). 	Nitrogen was rapidly evolved and the sol- 
ution was stirred for 2h. 	The colourless phosphorane 
(0.99 g; 85%) crystallised as the solvent was blown off 
with a stream of dry nitrogen and was washed with super-dry 
petrol (b.p. 40-60° , 5 ml), m.p. 103-105 °C. (Found: C,71,7; 
H,6.5; N,3.9; C 21H 22NO2P requires C,71.8; H,6.3; N,4.0%), 
v max 
 3470 (NH), 1440 and 695 cm- 1. 	6 H  2.86(3H, d, POMe, 
PH 10Hz), 3.00-3.60(2H, m, NCH 2 ), 4.38-4.58 (1H, rn, OCHPh), 
6.85-8.13 (lOH, in, ArH), NH not observed, 6-42.6, m/e M not 
observed. 
2,5-Diphenylspiro---[1,3,2-oxazaphospholan-2,1'--phospholafl] 
was prepared by the addition of 2-azido-1-phenyl-1-ethanol 
(0.54 g, 3.3 mmol) in dry methylene chloride (10 ml) to 2-
phenyiphospholan (0.54, 3.3 mol) in dry methylene chloride (5 ml) 
Nitrogen was evolved and the solution stirred for 4h. 	The 
solvent was removed with a stream of dry nitrogen to leave 
an oil which crystallised from super-dry petrol (b.p. 40-60 °C, 
10 ml) at -100C to give the s irophos phorane (0.84); 84%) as a 
colourless crystalline solid, rn.p. 45-47 °C. 	A satisfactory 
analysis could not be obtained due to the hydrolytic 
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instability of the compound. 	However, an exat mass measure- 
ment was obtained, found, M, 299.143432, C.18H 22N0P requires 
M, 299.143894. Vmax  3460 (NH), 1430, 1255, 845 and 690 cm1. 
0.80-2.51 (9H, m, phospholan ring CH  + NH), 2.50-2.78 
(1H, m, HCH), 2.92-3.33 (1H, m,HCH) 4.28-4.52 (1H, m, OCHPh), 
7.20-7.79 (10H, m, ArH)6-36.9 m/e 299 (Mt , 5%), 270 (7) 
193(15), 180(98), 179(78), 164(42), 152(96), 118(100), 77(79). 
(iv) 	2,5-Diphenyl2-rnethoxy-2-a-naphthy1-1,3,2-oXaZaphosphO 
was prepared by the addition of re-distilled 2-azido-i-phenyl 
-1-ethanol (1.29 g, 7.9 mmol) in dry methylene chloride (12 ml) 
to methyl 1-naphthylphenylphosphinite (2.09 g, 7.9 mmol) in 
dry methylene chloride (8 ml). 	Nitrogen was evolved and the 
solution stirred for 24 h. 	31 P N.m.r. showed three pairs 
of signals 6 +25.5 and +24.9 (10%), 6 (diastereoisomers, 1:1) 
-40.7 and -41.9 (80%), &-47.O and •-47,2 (10%). 	The solution 
was concentrated to ca 10 ml and super-dry ether (5 ml) added. 
On cooling to -10°C a colourless crystalline solid formed which 
was collected and dried. 	31P N.m.r. showed this solid to be 
a single diastereoisomer, 6 -4l.9 ., containing a trace, approxi- 
mately 5%, of the other isomer, 6-40.7. 	The solid was 
recrystalliséd from methylene chloride/ether to give, as 
shown by 31P n.m.r., the isomerically pure Ehosphorane as a 
colourless crystalline solid (0.90 g; 29%), m.p. 11 	
08-120 C 
(Found: C, 74,6; H, 6.1; N,3.4; C 25H 24NO2 P requires C,74.8; 
11,6.0; N,35%), vmax  3480 (NH), 1440, 940, 830 and 700 cm 1 . 
6 11 2.90 (311, d, POMe, J 1 8,5 Hz), 3.06 (111, s, NH), 3.08-
3.16 (111, m, HCH) , 3,39-3.51 (111, m, HCI-1) , 4.44-4.49 (111, m, 
ocflPh) , 7.17 (511, s, ArH) , 7.32-7.75 (711, m, ArH) , 7.81-7.97 
(211, m, ArH) , 8.07-8.28 (211, m, Aril), 8.82-8,92 (114, m, ArH) 
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142.2-123.9, 71.6 (POMe), 50. 7, (d, 	 7Hz),PF 
46.7 (d, kocc, J 	9Hz), 6_41.1 1 rn/c 401 (Mi , 4%), 370 
(47) , 369(64), 295(36) , 251(100) , 173(36) , 118(45), 91(27) 
77(19) 
The more soluble diastereoisomer could not be isolated 
from the reaction mixtures. 	A 13 C n.m.r. spectrum was also 
taken of a crude reaction mixture immediately after nitrogen 
evolution 6c(CDC13) 144.2-123.5, 71.8 and 71.5 (2 x POMe), 
50.9 (d, POCCN, J 	7Hz), 50.3 (d, 0CC, 	511z), 47.1PC 
(d, 	 9Hz), 46.6 (d, iocCi, J 	 10Hz).PC 
The stability of the isolated phosphorane towards 
thermal racernisation was investigated by observing a solution 
of the pure phosphorane in dry CDC1 3 over 50h at room 
temperature during which time there was no change in the 
n.m.r. spectrum. 	On observing the pure phosphorane by 
31 P n.m.r. at 120°C over 2h in 1,2-dichlorobenzene it was 
observed that the phosphorane resonance diminished slightly and 
a new peak appeared, 
p
-54.8.. 
• 7.8 	Reaction of (s)-(+)-2-Azido-1--pheny1-l-ethaf101 with 
Tervalent Phosphorus Reagents 
(i) 	With methyl naphthylphenylphosphinite. 	This reaction 
was carried out in precisely the same manner as reaction 
7.7. (iv) . 	The same peaks and peak ratios were observed by 
31 P n.m.r. Attempted crystallisation of the reaction 
products, from petrol (h.p. 40-60 °C), ether, methylene 
chloride and mixtures of these, failed. 
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2-Phenyl-5-(S)-   phenyl-2-rnethoxy-2-methyl--2--ct-naphthvl- 
1,3,2-oxazaphospholan was prepared by the addition of 
redistilled (S)-(±)-2-azido-1-phenyl-1-ethanol (1.03 g, 
6.3 mrnol) in super-dry ether (10 ml) to methyl methylriaphthyl-
phosphinite (1.39 g, 6.8 mxnol). 	Nitrogen was evolved and 
the solution was stirred for 20 h. 	31 P N.m.r. showed 
signals at 6 +31.7 (10%) and 6 (diastereoisomers, 1:1) 
-33.9 and -34.3. 	The solution was cooled to -10°C and the 
2sphorane (1.58 g; 73%) , a colourless crystalline solid, 
crystallised out of solution, rn.p. 60-62 °C. 	A satisfactory 
analysis could not be obtained for this compound, however an 
exact mass measurement was obtained, found, M, 339.137350, 
C2011 27NO2P requires M, 339.138808. 	Vmax 3480 (NH) , 1325, 
1300, 990 and 700 cm- 	6 H(diastereoisomers, 1:1) 2.12 
(3H, 2 x d, PMe, J PH 15Hz), 2.50-3.50 (3H, m, CH  + NH), 
2.82 and 2.88 (3H, 2 x d, POMe, J PH 10Hz), 4.29-4.51 and 
4.81-5.01 (1H, 2 x rn, OCHPh) , 6.87-8.31 (llH, m, ArH) , 
8.47-8.65 and 8.71-8.87 (1H, 2 x in, ArH), 6-32.3 and 
-33.4, rn/c 339 (Mt , 10%), 308(73),233(100) , 189(82), 141(27), 
118(29), 91(14), 77(1.3). 
2-Methoxy--2-methyl-2-phenyl-5-(S)-phenyl-1,3,2- 
oxazaphospholan was prepared by the addition of 
redistilled (S)-(+)-2-azido-l-phenyl--l-ethanol (1.01 g, 
6.2 mmol) in super-dry ether (8 ml) to methyl methyiphenyl-
phosphinite (1.05 g, 6.8 mrnol) in super-dry ether (7 ml). 
Nitrogen was evolved and the solution stirred for 20 h. 
31 P N.m.r. showed three pairs of signals 6 +33.1 and 




-42.7 and -43.4 (10%). 	The solution was concentrated to 
ca 5 ml and on cooling to -10°C the phosphorane (1.06 g; 
59%), a colourless crystalline solid, crystallised out of 
solution, m.p. 58-60°C. 	A satisfactory analysis could not 
he obtained for this compound. 	'max 3480(NH), 1440, 1320, 
1055 and 700 cm- 1. 	6H (diastereoisomers, 1:1) 1.92 (3H, 
2 x d, PMe, J 11 15Hz) , 2.50-3.60 (3H, m, CH  + NH) , 2.92 and 
2.98 (3H, 2 x d, POMe, J PH  10Hz), 4,33-4.54 and 4.78-4.98 
(1H,2 x m, OCHPh) , 7.02-7.84 (lOH, m, ArH) , 6-35•S and 
-35.7, rn/c M not observed. 
7.9 	Reaction of N-(o-Azidophenyi)phthalimide with Tervalent 
Phosphorus Reagents 
(i) 	N- (2-N-Phthalimidopheny1)iminotrimethy1.phosphite was 
prepared by the addition of a suspension of N-(o-azidophenyl) 
phthalimide (0.66g, 2.5 mmol) in dry methylene chloride 
(12 ml) to trimethyiphosphite (0.34 g, 2.7 mmol). 	The 
azide dissolved immediately, the solution turned yellow and 
nitrogen was evolved. 	The reaction mixture was heated 
under reflux for 4h, cooled and dry ether (20 ml) added. 
On cooling to -10°C the iminophosphorane (0.76 g; 84%), a 
pale brown crystalline solid, crystallised out of solution, 
m.p. 141-143°C. (Found: C,56.9; H,4.8; N,7.8; C 17H 17N 2 05 P 
requires C,56.7; H,4.8; N,7.8%), 'rnax (mull) 1720 (C=0), 
1120, 1010, 865, 750 and 730 cm- 1. 	6H 3.55(911, d, POMe, 
PH 11Hz), 6.75-7.30 (4H, m, ArH) , 7.60-7.96 (4H, m, ArH) 
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ó+O.l, m/e 360 (M, 100%) , 329 (10) , 301 (4) , 251 (10) 
236 (40) , 220 (22) , 109 (16) , 93 (16) 
(ii) 	N- (2-N-Phthalimidophenyl) irninotriphenyiphosphine 
was prepared by the addition of a suspension of N-(o-azido--
phenyl)phthaiimide (0.51 g, 1.9 mmol) in dry methylene 
chloride (5 ml) to triphenyiphosphine (0.50 g, 1.9 rnmol) 
in dry methylene chloride (5 ml). 	The azide slowly dissolved 
and nitrogen was evolved. 	After 20 h, petrol (b.p. 40-60°C) 
was added and the iminophosphorane (0.91 g, 95%), a yellow 
solid crystallised, m.p. 208-210 
0C (Found: C, 77.2; H,4.7; 
N,5.6; C32H 23N202P requires C,77.1; H,4.7; N,5.6%) , v(rnuil) 
1720 (C=O), 1110, 885, 745, 725 and 690 cm- 1.6 H 6.38-8.00 
(23H, m, ArH) , 6 +3.6, m/e 498 (M, 100%), 352(21), 278(15) 
277(31), 220(37), 201(14), 183(30), 91(17), 77(15). 
7.10 	Reaction of o-Azidoaniline with Tervalent Phosphorus 
Reagents 
(1) 	N- (o-Aminopyl) irninomethyl diphenylhosphinite was 
prepared by the addition of freshly sublimed o-azicloaniline 
(0.19 g, 1.4 mmol) in super-dry petrol (b.p. 40-60 
0C, 12 ml) 
to methyl diphenylphosphinite (0.31 g, 1.8 mmol) in super-dry 
petrol (b.p. 40-60°C, 4 ml). 	Nitrogen was rapidly evolved 
and an oil was deposited which slowly crystallised. 	The 
iminophosphorané (0.39 g; 86%), a colourless crystalline 
solid, was collected and dried m.p. 54-56 °C. 	Due to the 
hydrolytic instability of the iminophosphorane a satisfactory 
analysis could not be obtained. 	However, an exact mass 
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measurement was obtained, found, M, 322123619, C 19H 19N 20P 
requires N, 322.123494. 	V 	 3440 and 3350 (NI-I 2 ) , 14401max 
1125, 1030 and 695 cm- 1.6 3.68 (311, d, POMe, 
i 
 i PH 12Hz), 
4.24 (2H, broad s, NH 2 ) , 6.30-8.06 (14H, m, ArH), 
rn/c 322 (M 4 , 100%), 290(20), 213(23), 201(16), 183(13), 
161(6), 109(9), 77(13). 	This compound decomposed rapidly 
in solution to give several phosphorus containing products. 
2_Phenyispiro_[1,3,2 -d.iOXaphOSphOlafl 2 , 21 :[ 1,3 1 21 
benzdiazaphospholifle] was prepared by the addition of 
freshly sublimed o-azidoaniline (0.42 g, 3.1 mniol) in super-
dry ether (12 ml) and super-dry petrol (4 ml) to 2-phenyl-
1,3,2-dioxaphospholan (0.56 g, 3.3 mmol) in super-dry ether 
(6 ml). 	Nitrogen was slowly evolved and after stirring for 
1 h seed crystals had deposited. 	On cooling to -10°C the 
phosphorane (0.62 g; 72%), a colourless crystalline solid, 
crystallised out of solution, m.p. 137-141 °C (Found: 
C,61.1; H,5.5; N,10.3; C 14H 15N 20 2P requires C,61.3; 
H,5.5; N,10.2%), umax 3470(NH), 1500, 1405, 1285 and 
1070 cm- 1.6 3.46-4.12 (4H, m, OCH 2CH 2 O), 5.30 (2H, 2NH, 
broad doublet at 25°C, sharpens at -23 
0  Qj 
pH 
 12Hz), 6.56 
(4H, s, ArH) , 7.16-7.72 (511, m, ArH) , 
	
-39.O, rn/c 274 
(Md , 100%), 230 (79), rn* 193.0(274 - 230), 153 (17), 152(20), 
137(25), 105(15), 77(13). 
2-Pheny12ir1,3-dioXaPhOSPhOriflafl2,2 1 [1,3:21 
benzdiazaphospholinel was prepared by the addition of 
freshly sublimed o-azidoaniline (0.30 g, 2.2 mmoi) in dry 
methylene chloride (6 ml) to 2-phenyl-1,3,2-dioxaphOSphOriflafl 
(0.41 g, 2.3 minol) in dry methylene chloride (4 ml) 
Nitrogen was rapidly evolved and the reaction mixture was 
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stirred for 17 Ii. 	The solvent was concentrated to ca 5 	ml 
and super-dry ether (10 ml) added. 	On standing at -100C 
the spirophosphorane (0.33 g; 53%) , a colourless crystalline 
solid, .crystallised out of solution, rn.p. 140-143 0C (Found: 
C,62.3; H, 6.0; N,9.6; C 35H 17N2 02P requires C,62.5; H,5.9; 
N,9.7%), Vmax  3470 (NH), 1505, 1290 and 1090 cm- 1.6 H 1.22-
2.30 (2H, m, OCH 2CH 2 CH 2 O) , 3.46-4.64 (4H, rn, OCH 2CH 2 CH 2 O) , 
5.27 (2H, d, 2NH, J pH  12Hz), 6.38-7.04 (4H, rn, AM), 7.12-7.98 
(5H, rn, ArH), 6 -57.8, rn/e 288 (M t , 100%), 230 (38), m* 183.7 
(288 - 230), 153(9), 152(7), 107(10), 105(8), 77(6). 
7.11 	Reaction of N-(o-azidophenyl)benzarnide with Tervalent 
Phosphorus Reagents 
(1) 	N- (2-N-Benzamido) phenirninotrimethylphosphite was 
prepared by the addition of N-(o-azidophenyl)benzamide 
(0.72 g, 3 mmol) in dry methylene chloride (15 ml) to trimethyl-
phosphite (0.38 g, 3.1 mmol) in dry methylene chloride (3 ml). 
Nitrogen was evolved and the reaction mixture was stirred for 
20 h. 	The solvent was removed with a stream of dry nitrogen 
and dry ether (7 ml) and dry petrol (b.p. 40-60 °C, 7 ml) added. 
On cooling to -100C the iminophosphorane (0.66 g; 65%), a 
colourless crystalline solid, crystallised out of solution, 
m.p. 72-73°C (Found: C,57.3; H, 5.7; N,8.2; C 16 H 19N 204 P 
requires C,57.5; H,5.7; N,8.4%), Vmax  3350 (NH), 2860 and 
1660 cm- 1  (C=0) 	3.74 (9H, d, POMe, 3PFJ  12Hz) , 6.76- 
7.00 (3H, m, AM), 7.28-7.56(311, rn, AM), 7.80-8.02 (211, ni, 
ArH), 8.40-8.62 (1H, m, ArH), 9.62 (1H, s, NH), 6 +4.2, rn/c 
334 (M 1 , 97%), 257 (18), 229 (25), 194(100), m* 112.6 
(334 -- 194), 109(16), 105(43), 93(22), 77(12). 
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(ii) 	 was 
prepared by the addition of N_(o-azidopheflyi)benZamide 
(0.45 g, 1.9 rnmol) in dry ether (16 ml) to triphenylphosphifle 
(0.49 g, 1.9 mmol) in dry ether (7 ml). 	On addition the 
solution instantly turned a bright yellow followed by the 
evolution of nitrogen. 	The reaction mixture was stirred 
for 1 h and the irninophosphora 	(0.72 g; 81%), a colourless 
crystalline solid, crystallised out of solution, m.p. 191-193 ° C 
(Found: C,79.0; H,5.4; N,5.8; C 31H 25 N 2 0P requires C,78.8; 
11,5.3; N,5.9%) 	3310 (NH) , 1660 (C=O), 1110 and 690 cm- 1. 
6.37-6.81 (3H, m, ArH) , 7.19-8.08 (20H, m, Aril), 8.47-
8.64 (1H, m, ArFI), 10.45 (1H, s, NH), 6 ±8.4, rn/c 472 ±4 
(Mt , 100%) , 395 (28) , 367 (15) , 277 (35) , 262 (15) 
194 (57) , 183 (34) , 108 (14) , 105 (16) , 77 (24) 
7.12 	Reaction of N- 
with Tervalent Phosphorus Reagents 
(i) 	N- (2_N-p-toluenesUlPhOflarnido) pheny1iminotrimeT 
phosphite was prepared by the addition of N-(o-azido-
pheny1)_p_to1uCfleSU1Ph0flamide (0.51 g, 1.8 rnrnol) in dry 
methylene chloride (9 ml) to trimethyiphosphite (0.22 g, 1.8 
rnrnol) in dry methylene chloride (5 ml). 	Nitrogen was 
evolved and the reaction mixture was stirred for 20 h. 
The solution was concentrated to ca 5 ml and super-dry ether 
(15 itil) added. 	On cooling to -10°C the iminopsOrafle 
(0.64 g; 95%), a colourless crystalline solid, crystallised 
out of solution, rn.p. 98-100 °C (Found: C, 49.9; H, 5.4; 
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N, 7.1; C16H21N 205PS requires C,50.0; H,5.5; NJ7.3%), 
Vmax 3250 (NH), 1500, 1165 and 1135 cm'. 	H2•29 	H, 
S, p Me), 3.62 (9H, d, POMe, J, 11 11Hz), 6.56-6.94 (3H, ni, 
Al-H), 7.02-7.78 (5H, m, ArH), 7.94 (1H, S, NH)i 6 +5•0, rn/c 
384 (Mt , 30%), 230 (100), 197(7), 167(6), 109(7), 93(14). 
No pentacoordinate phosphoranes were observed in the 31 
n.m.r spectrum after standing in solution at room temperature 
for 240 h. 
(ii) 	N- (2-N-p-to1uenesulphonamido)phenylimiflOdl 
phenyiphosphonite was prepared by the addition of 
N- (o-azidophenyl) -p-toluene--sulphonamide (0.89 g, 3.1 rnrnol) 
in dry methylene chloride (8 ml) to dirnethyl phenyiphosphoriite 
(0.54 g, 3.2 rnmol) in dry methylene chloride (6 ml). 	On 
addition the solution instantly turned bright yellow followed 
by the rapid evolution of nitrogen. 	After stirring for 2 h 
the solvent was blown off with a stream of dry nitrogen to 
leave an oil which was recrystallised from super-dry ether/ 
petrol (b.p. 40-60°C) to give colourless crystals of the 
iminophosphorane (1.17 g; 87%), m.p. 102-103°C (Found: 
C,58.6; H, 5.4; N,6.5; C 21H 23N 204 PS requires C,58.6; 
H,5.4; N,6.50 	3250(NH) , 2850, 1595 and 935 cm- 1.max 
2.26 (3H, s, p Me), 3.49 (6H, d, POMe ! J pH  11Hz) 
6.58-6.90 (3H, m, ArH) , 6.97-7.85 (lOH, m, ArN) , 8.12 
(1H, s, NH), 6±21.4, rn/c 430 (M t , 31%), 398 (2), 275(100), 
260(9), 243(17), m* 175.9(430 A 275), 155(14), 93(10), 
91(12), 77(14). 	No peaks corresponding to pentacoordinate 
phosphoranes were observed in the 
31P n.m.r. spectrum after 
heating at 120°C for 2h in chlorobenzene or at 120°C in the 
presence of a trace amount of pyridine for ½ h. 
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2-Pheny1-l'-j-toluenesulphonyl)-[1,3,2dioxaphoppplan- 
2,2 1 -[1,3,21--benzdiazaphospholine] was prepared by the 
addition of N-(2-azidophenyl)-2--toluene-sulphonarnide (0.69 g, 
2.4 mmoi) in dry methylene chloride (5 ml) to 2-phenyl-1,3,2-
dioxaphospholan (0.41 g, 2.4 rnmol) in dry methylene chloride 
(1 ml) and super-dry ether (4 ml). Nitrogen was evolved and 
the reaction mixture was stirred for 2 h. 	31P N.m.r. showed 
quantitative conversion of the tervalent phosphorus reagent 
into the spirophosphorane. 	On cooling to -10°C the spiroos- 
phorane (0.30 g; 29%) , a colourless crystalline solid, crystal-
used out of solution and was collected and dried, m.p. 118-
120°C (Found: C,58.6; H,4.9; N,6.3; C 21H 21 N 2 04 PS requires 
C,58.9; H,4.9; N,6.5%) 	3450 (NH) , 1595, 1390 and 1160 cm1max 
H(CDCl3) 2.24 (3H, s, 2Me) , 3.78-4.52 (4H, m, OCH 2CH2 O) 
5.85 (1H, d, NH, J PH  18Hz) , 6.42-7.86 (13H, m, ArH) , 
(d6 -DMSO) -28.9, m/e 428 (M t , 97%), 273(100), 245(32), 229(64), 
181(31), 107(67), 91(35), 77(31). 
N-(2-N-p-toluenesulphonamido)phenylirnino-2-phenyl- 
1,3,2-dioxaphosphepan was prepared by the addition of 
N-(o--azidophenyl)-2--toluene-sulphonamide (0.47 g, 1.6 mmol) 
in dry methylene chloride (7 ml) to 2-phenyl-1,3,2-dioxaphos--
phepan (0.32 g, 1.6 mrnol) in dry methylene chloride (4 ml). 
On addition nitrogen was evolved and the reaction mixture was 
stirred for 2 h. 	The solvent was removed with a stream of 
dry nitrogen to leave an oil which crystallised from super-dry 
ether (10 ml) at -10°C to give pale brown crystals of the 
-134 -  
irninoph2ane (0.48 g; 64%), m.p. 131-132 °C (Found: C,60.3; 
H,5.7; N,6.0; C 23H 25N 20 4 PS requires C,60.5; H,5.5; N;6.1%), 
max 3240 (NH) , 1500, 1165 and 1020 cm'.6 H 1.78-2.10 
(4H, m, OCH 2CH 2CH 2CH 2 O) , 2.27 (3H, s, p Me) , 3.80-4.44 
(4H, m, OCH 2CH 2CH 2CH 2O) , 6.50-6.88 (3H, m, ArH) , 6.98-7.86 
(10H, m, ArH) , 8.16 (1H, s, NH) , 6+19•7 m/e 456 (Mi , 41%) 
384 (4), 301(100), 229(21), m*198.6 (456 - 301), 181(9), 
141(9), 107(40), 91(19). 	No peaks corresponding to penta- 
coordinate phosphoranes were observed in the 31 P n.m.r. 
spectrum after standing in solution at room temperature for 
180 h. 
(v) 	N- (2-N-p-toluenesU.iphOflamido) -phenylimino-l-phenyl- 
phospholan was prepared by the addition of N-(o-azido-
pheny1)--to1uene--sulphonamide (0.67 g, 2.3 mmol) in dry 
methylene chloride (10 ml) to 1-phenyiphospholan (0.38, 2.3 
mmoi) in dry methylene chloride (6 ml). 	On addition the 
solution instantly turned bright yellow followed by the 
rapid evolution of nitrogen. 	The reaction mixture was 
stirred for 2 h then cooled to -10°C. 	The iminophosphorane 
(0.74 g; 75%) , a pale yellow crystalline solid, crystallised 
out of solution and was collected and dried, m.p. 175-177 °C 
(Found: C,64.9; H,5.9; N,6.6; C 23H 25N20 2PS requires C, 65.1; 
H,5.9; N,6.6%), umax (mull) 3180 (NH) , 1120, 1080, 740, 690 
and 650 cm 1 . 	6 1.84-2.59 (8H, in, aliphatic ring), 2.31 
(3H, s, p Me) , 6.07-6.26 (lii, m, ArH) , 6.44-6.72 (2H, m, ArH.) 
7.03-7.94 (llH, m, ArH + NH), 6 +37.5, m/e 424 (Mt , 19%), 
269(100), 213(6), m*170.6 (424 - 269), 137 (10), 91(11). 
No peaks corresponding to :pentacoordinate phosphoranes 
- 
were observed in the 
31  P n.m.r. spectrum after standing in 
solution at room temperature for 24 h. 
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7.13 	Reaction of azidobenzene with Tervalent Phosphorus 
Reagents 
(1) 	N-Pheny1imino-2-12heflyl-1,3,2-diOXaphOSPheP 	was 
prepared by the addition of azidobenzene (0.55 g, 4.6 inmol) 
in dry methylene chloride (11 ml) to 2-phenyl-1,3,2-dioxaphos -
phepan (0.91 g, 4.6 mmol) in dry methylene chloride (6 ml) 
On addition nitrogen was evolved and the reaction mixture was 
stirred for 20 h. 	The solution was concentrated to ca 5 ml 
and super-dry petrol (b.p. 40-60 °C, 20 ml) added. 	On cooling 
to -100C the iminophosphorane (0.97 g; 73%), a colourless 
crystalline solid, crystallised out of solution and was 
collected and dried, m.p. 103-105 °C (Found: C,66.7; H,6.5; 
N,4.7; C 16H 18NO2 P requires C,66.9; 11,6.3; N,4.9%), v1500, 
1140, 1080, 1020 and 795 cm- 1. 	6H 1.66-2.30 (4H, m, OCH 2 cH 2 
220) , 3.81-4.60 (4H, m, OCH 2CH 2CH 2CH 2O) , 6.54-8.01 (1OH, 
m, ArH) , 	+14.8, m/e 287 (Mt , 100%) , 233 (30) , 216 (23) 
215(20), 141(18), 93(83), 77(38). 
8. 	31P N.m.r. Studies of the Reaction of Azido Compounds 
with Tervalent Phosphorus Reagents 
These reactions were carried out, first of all, on a 
preparative scale but the products were either too unstable 
to isolate or gave an inseparable multi-component mixture. 
General Method 
The azide (approximately 50 mg) dissolved in dry 
deuterochioroform (0.3 ml) was added to a solution of the 
tervalent phosphorus reagent (1.0-1.2 molar equivalents) 
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in dry deuterochioroform (0.3 ml). 	After nitogen evolution 
had ceased (5-10 mm) the reaction was monitored by 3 P n.m.r. 
at room temperature. 	N.B. The supposed nature of the products 
are given in brackets following the observed chemical shift. 
8.1.(i) Reaction of o-Azidophenol with sec-Butyl phenyl-m-
tolyiphosphinite 
The solution turned bright yellow and no nitrogen 
was evolved. 	Only one major peak was observed at 6 4-40.0 
(phosphatriazene) with six very minor peaks between 6+18.8 
and +32.0. 	The spectrum did not change significantly after 
24 h. 
8.2 	Reaction of o-Azidobenzyl alcohol with Tervalent 
Phosphorus Reagents 
With dimetyl phenylphosphonite. 	Nitrogen was 
rapidly evolved and initially only one peak at 6 ±20.2 
(iminophosphorane) was observed. 	However, after standing 
for 24 h seven major peaks were observed between 6 +18.1 and 
+21.7. 
With l-phenylphospholafl. 	Nitrogen was rapidly 
evolved and initially only one peak at 6 +36.4 (iminophos-
phorane) was observed, which decreased in intensity and. 
disappeared over 6 h. 	Simultaneously another peak at 6+60.4 
(1-phenylphospholan oxide) appeared. 
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8.3.(i) Reaction of o-Hydroxybenzylazide with D±methyl 
phenyiphosphinite 
Nitrogen evolution was complete after 2 h and three 
major peaks were observed, 6+24.4 (oxide), +217 (iminophos--
phorane) and -62.9 (diazadiphosphetidine). 	The mixture was 
essentially unchanged after 24 h. 
8-4.(i) Reaction of 2-Azido-l--2henyi-l-ethanol with Meth y l 
12henyl-m-t2lylphosp4ite 
Nitrogen was rapidly evolved and two major peaks were 
observed, 6 42.10 and -42.26 (diastereorneric phosphoranes, 
1:1) 
8.5 	Reaction of o-Azidoaniline with Tervalent Phosphorus 
With dimethylpenhosphonite. 	Nitrogen was 
rapidly evolved and initially only one peak was observed,, 
6+17.7 (iminophosphorane), but after 1 h four major peaks 
were present in the spectrum. between 6 +17.7 and +27.4. 
With 2-phe-1,3,2-dioxaphosphe. 	Nitrogen was 
rapidly evolved and initially only one major peak was observed, 
6+15.0 (iminophosphorane), but this disappeared after 70 h 
to be replaced by 5 peaks between 6 +15.0 and +25.6. 
With l-phcnylphopjiolan. 	Nitrogen was rapidly 
evolved and initially only one major peak at 6 +34.9 
(iminophosphorane) was observed which decreased in intensity 
and disappeared over 150 h. 	Simultaneously another peak 
at 6 1-60.3 (l-phenylphospholan oxide) appeared. 
8.6 	Reaction of o_Az oN 	pny1inety1ah1fle with 
Tervalent Phophorus Reagents 
(i) 	With dimethyl pheyphosphofl4. 	Nitrogen was 
rapidly evolved and a single peak was observed at 6+17.6 
(iminophosphorafle) . The spectrum was unchanged after 24 fl. 
With 2_phen_1,3,2_diOxaPh0sPh01an. 	Nitrogen 
evolution was complete after 1 h. Initially only one major 
peak was observed, 6F+25.1 (iminophosphorane), but after 3h 
three further minor peaks had appeared at 6 +18.9, +14.3 and 
-35.8 (spirophosphorane). 	After 24 h the spectrum was 
still composed of these four peaks. 
With 1-phenyiphospholan. 	Nitrogen was rapidly 
evolved and only one peak was observed 6+33.6 (iminophos-
phorane). 	The spectrum was unchanged after 24 h. 
8.7 	Reaction of o_AzidoN2,4_dinitpheny)an3li 1 e. 
with Terva1efltPhOShOrUS Reagents 
(1) 	With dimethyl phe 	hoshonite. 	Nitrogen was 
rapidly evolved and a single peak was observed at &+l9.5 
(iminophosphorane) The spectrum was unchanged after 24 h. 
With 2_2heny1-1,3,2dioXaPh0SP10l 	Nitrogen was 
rapidly evolved and four major peaks were observed, 6+26.3 
(iminophosphOrafle) , +16.0, -38.3(phosphorafle) and -52.3 
(diazadiphosphetidifie). 	After 24 h the spectrum was still 
predominantly composed of these four peaks but several 
additional minor peaks had appeared between 6 +17.7 and 
+36.7. 
With 1- hen1 	holar. 	Nitrogen was rapidly 
evolved and a single peak was observed at 6 +38.7 (imiflo-
phosphOrafie) . 	The spectrum was unchanged after 24 h. 
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9. 	PJaaration of Pentacoordinate Phosphornes; 
Reaction of IrninophosphorafleS with Alcohols 
General Procedure 
The iminophosphorane was usually prepared in situ 
by addition of azidobenzene (5-10 minol) in dry methylene 
chloride (10-20 ml) to the tervalent phosphorus reagent 
(5-10 mmol) in dry methylene chloride (10-20 ml). 	Once 
nitrogen evolution had subsided the alcohol (5-10 rnmol) 
was added to the reaction mixture and stirred rapidly at 
room temperature for several hours. 	The solvent was blown 
off with a stream of dry nitrogen and aniline distilled 
from the reaction mixture by bulb to bulb distillation until 
at least 95% had been removed. 	The phosphorane remaining 
in the reaction flask was then purified by distillation or 
by recrystallisation from dry solvents. 
9.1 	Reaction of N_Pheny1imi--PI1y]-1,3,2-d10XaP110s 
pjlan with Alcohols 
The iminophosphorane was prepared and used in situ 
due to low solubility in common organic solvents 32 	Its 
presence in the reaction mixtures was detected by 31P n.m.r., 
cS p 	2 
(CH Cl) + 9.5. 
(i) 	2, 2-Dimeth9 	 1 3 ,2-dioxaphospholan 
Azidobenzene (1.06 g, 8.9 rnmol) in dry methylene-
chloride (10 ml) was added to 2-phenyl-1,3,2-dioXaphOSPhOlafl 
(1.45 g, 8.6 mmol) in dry methylene chloride. 	After 10 mm 
nitrogen evolution had subsided and dry methanol (0.68 g, 21 
minol) was added and the reaction mixture stirred for 2 h. 
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31 P N.m.r. showed complete conversion of the reactants into 
the phosphorane. 	The solvent was blown off with a stream 
of dry nitrogen and aniline (0.63 g; 78%) removed by 
distillation, b.p. 60°C/0.05 mm, to leave an oil which was 
purified by bulb to bulb distillation. 	The ahosphorarie was 
obtained as a light orange oil (1.48 g; 74%), b.p. 120 °C/ 
0.05 mm (Found: C,52.5; H,6.4; C 10H 1504 P requires C,52.2; H,6.6%), 
V 
max 
 (neat.) 1440, 1180, 950 and 900 cm- 1. 	S H  3.52 (6H, d, 
POMe, J 12Hz) , 3.79 (4H, d, OCH 2 CH 2O, 1 11 14Hz) , 7.14-7.76PH 
(5H, m, ArH) , 634•2 m/e 230 (M t , 4%) , 199 (100) , 186 (27) 
155 (56) , 141 (22) , 91 (42) , 77(51) 
2-Pheylspiro--[1,3,2--dioxaphospho1an-2,2'-[1,3,2I- 
dioxaphospholan] 
Azidobenzene (0.90 g, 7.6 mmol) in dry methylene 
chloride (16 ml) was added to 2-phenyl-1,3,2-dioxaphospholan 
(1.25 g, 7.4 mniol) in dry methylene chloride (6 ml). 	After 
10 min nitrogen evolution had subsided and 1,2-ethanediol 
(0.47 g, 7.6 mmol) was added in super-dry ether (8 ml) and 
the reaction mixture stirred for 72 h. 	31P N.m.r. showed 
complete conversion of the reactants into the spir o2hosphorane. 
The solvent was blown off with a stream of dry nitrogen and 
0 aniline (0.50 g; 72%) removed by distillation, b.p. 60 C/ 
0.05 mm, to leave a solid which was recrystallised from 
methylene chloride/ether to give the spirophosphorane 
(1.44 g; 85%) as a colourless crystalline solid m.p. 124- 
126°C (1it 33123C) , (Found: C,52.6; H,5.7; C 10H 1304 P requires 
C,52.6; H,5.7%), 61346 (d, PC, Jpc21111z,  131.5-127.5, 






2 -.Phy1spiro-- [ 1 , 3 , 2 '2xphosJ?horiflan-2,2 ' - i 1,3,2 1 
dioxaphospholanJ 
Azidobenzene (1.20 g, 10 mmol) in dry methylene 
chloride (14 ml) was added to 2-phenyi-1,3,2-dioxaphospholafl 
(1.68 g, 10 mmol) in dry methylene chloride (6 ml) . 	After 
10 min nitrogen evolution had subsided and 1,3-propanediol 
(0.77 g, 10.1 mmol) was added with dry methylene chloride 
(10 ml) and the reaction mixture stirred for 17 h. 	
31 P 
N.m.r. showed almost complete conversion of the reactants 
into the spirophosphorane. 	The solvent was blown off with 
a stream of dry nitrogen and aniline (0.93 g 86%) removed 
by distillation, b.p. 60°C/0.05 mm, to leave a solid, which 
was recrystallised from methylene chloride/ether to give the 
spirophoorane (1.90 g, 79%) as a colourless crystalline 
solid m.p. 92-94°C (Found: c,54.5; H,6.2; C 11H 150 4 P requires 
C,54.6; H,6.2%), VmaX  2890, 1435, 940 and 690 cm- 
1 6 1.59-
2.24 (211, m, OCH 2CH 2CH 2O) , 3.77 (4H, d, OCH 2 CH 2O, J 	14Hz)PH 
3.68-4.40 (4H, m, OCH 2 CH 2 CH 2 O, simplifies on irradiation at 
Q.90), 7.19-7.85 (5H, m, ArH) . 	
137.4 (d, PC, J 	 230Hz)PC 
129.2-1.27.1, 62.9 (d, DOCCC6, J 	 7Hz) , 60.1(iOCC6) , 25.8PC 
(d, tOCCCÔ, Jj 	8Hz) , 6 -34.l, m/e 242 (Mt , 15%)f 212(81) 
199(48), 185(40), 141(100), 91(46), 77(85). 
2_Pheny1spiro-[1,3,2-dioxaph22hepan - 2,2' - [1,3,2) - 
dioxaphospholan] 
Azidobenzene (0.87 g, 7.3 mmol) in dry methylene 
chloride (24 ml) was added to 2-phenyl-1,3,2-dioxaphosphoJ.an 
(1.20 g, 7.1 mmol) in dry methylene chloride (6 ml). 	After 
10 min nitrogen evolution had subsided and 1,4-butanediol 
-142- 
(0.65 g, 7.2 mmol) was added and the mixture stirred for 
31 
20 h. 	P N.m.r. showed almost complete conversion of 
the reactants into the spiroRhospharane. 	The solvent was 
blown off with a stream of dry nitrogen and aniline 
(0.66 g; 67%) removed by distillation, b.p. 60 °C/0.05 mm, 
to leave an oil which crystallised from super-dry ether on 
standing at -10°C for 20 h to give the spirqphosphorane 
(1.49 g; 82%) as a colourless crystalline solid, m.p. 70-72 °C 
(Found: c,56.1; H,6.6; C 12H 1704P requires C,56.3; H,6.7%), 
vmax 2890, 1435, 1130, 940,890 and 850 cm- 1.6 H 1.55-1.91 
(4H, m, OCH 2CH 2 CH 2 CH 2O) , 3.72 (4H, d, OCH 2 CH 2 O, j 	 14Hz)PH 
3.60-4.39 (4H, in, OCH 2 CH 2CH 2CH 2 O, simplifies on irradiation at 
1.76) , 7.17-7.93 (5H, m, ArH) . 	
c 137.0 (d, PC, JPC 239Hz) 
131.8-127.1, 65.6 (d,öCc, PC 9Hz), 59.9 (d, PC 
1Hz), 28.9 (OCCCC6) , 
	
-3O•2, rn/e 256 (Mt , 17%), 226(48), 
213(47) , 185(100), 173(43) , 155(40) , 141(97) , 108(53) , 91(30) 
77(73) 
(v) 	Attempted preparations of 2-phenylspiro---[1,3,2 
dioxaphosphocan-2, 2' - [1,3 .2] -diophospho1an 
(a) 	Azidobenzene (0.98 g, 8.2 mmol) in dry methylene 
chloride (20 ml) was added to 2_phenyl-1,3,2-diOXaPhOSPhOlafl 
(1.36 g, 8.1 mrttol) in dry methylene chloride (10 ml) . 	After 
10 min nitrogen evolution had subsided and 1,5-pentanediOl 
(0.84 g, 8.1 rnmol) was added and the reaction mixture stirred 
for h h. 	31P N.rn.r. showed complete conversion of the 
reactants into spirophosphorane compounds, 6lD35.8 and 
-36.2. 	The solvent was removed and aniline (0.47 g, 62%) 
-143- 
distilled from the reaction mixture, b.p. 60 °C,0.05 mm, to 
leave an orange gum (2.19 g, 100%) which failed to crystallise. 
Attempts to purify the gum by distillation led to decomposition 
and the formation of several phosphoryl compounds. 	However, 
a satisfactory analysis was obtained for the crude material 
(Found: C,57.6; H,7.2; empirical formula C 13H 190 4 P requires 
C,57.8; H,7.1%), 	2760, 1435, 945 and 790 cm 1 . 	& 1.12- 
1.90 (6H, m, OCH 2CH 2 CH 2CH 2CH 2 O) , 3.36-4.28 (8H, m, 4 x 0 CH.,) 
7.18-7.95 (5H, m, ArH) 	c 138.4 (d, PC, jc  230Hz) , 131.6 
126.6, 65.5 (d,öCCCC6, j PC 
 10Hz), 59.8 (E3), 30.3 
(d, occccc,6, i 	 8Hz), 22.0 (CCCCO). Expansion of thePC 
13 C n.m.r. spectrum in the region 6 25-80 showed two sets of 
minor doublets at ô0 66•9PC 
 10Hz) and 30.10 	 9Hz) in thePC 
ratio of 1:10 to the peaks at 	 10Hz) and 30.3PC 
Q PC 8Hz) .p -36.1 (3034%) and -36.5 (9799%) , m/e 270 
(Mt , 7%), 185 (71) , 141(100) . M, 270.101305, C 13H 19 04 P requires 
M, 270.102089. 	The molecular weight of the gum was determined 
in benzene on a Perkin Elmer Vapour Pressure Osmometer 
(Model 115), calibrated with benzil, and found to be 
MW = 300± 15. 
The 31P n.m.r. spectrum of the gum in 1,2-dichioro-- 
benzene showed an apparent coalescence of peaks (28 °C,-36.3, 
-36.5 and -36.9) at approximately 120°C (S_36.3) 
Solutions of the gum 0.6 M, 0.3 M and 0.15 M in 1,2- 
ich1oroberizene were monitored by 31P n.m.r. over 120 h at 
room temperature and it was observed that the peak ratios 
remained constant. 
-144- 
(h) 	Reaction of 1,5-butanediol (0.88 g, 9. 8 minol) and 
2-phenyl-1,3,2-dioxaphospholan (1.42 g, 8.5 mmol) with N-
chiorodi-iso-propylamine (1.33 g, 9.8 mmol) in ; suPerdrY 
145 
ether (25 ml) according to the method of Trippett gave a 
colourless gum (70%) , 6-36.l (1259%) and -36.5 (8211%) 
(vi) 	2-Phenylspiro- [trans - 4 ,5-cyclohexyl-1, 3,2-dioxaphos-- 
hoian-2 , 2 '- [1,3,2] -dioxaphospholan] 
Azidobenzene (1.13 g, 9.5 mmol) in dry methylene 
chloride (14 ml) was added to 2-phenyi--1,3,2-dioxaphospholan 
(1.57 g, 9.3 mmol) in dry methylene chloride (6 ml) . 	After 
10 min nitrogen evolution had subsided and tra.ns--].,2--cyclo-
hexanediol (1.09 g, 9.4 rnmol) was added with dry methylene 
chloride (10 ml) and the reaction mixture was stirred for 
20 h. 	31P N.m.r. showed almost complete conversion of 
the reactants into the spirophosphorane. 	The solvent was 
blown off with a stream of dry nitrogen and aniline 
(0.87 g; 77%) removed by distillation, b.p. 60 °C/0.05 mm, 
to leave a solid which was recrystallised from super-dry 
ether to give the spirophosphorane (1.80 g; 68%) as a 
colourless crystalline solid m.p. 93-96 °C (Found: C,59.6; 
H,6.8; C 14H 19 04 P requires C,59.6; H, 6.8%) umax  2860, 
1435, 940 and 885 cm- 1.6 H 1.04-2.25 (OH, m, cyclohexyl 
ring) , 2.84-3.14 (lH m, cyclohexyl ring H) , 3.23-4.11 
(5H, m, OqH 2 CH 2 0 + cyclohexyl ring Fl), 7.20-7.50 (3H, m, ArH), 
7.59-8.00 (2H, m, AM), S-22.5, m/e 282 (M t , 36%) , 185 
(100), 141(38), 91(24), 77(30). 
-145- 
(vii) 
benzodioxaphosPholii 	 - 
AzidobeflZefle (0.53 g, 4.5 mmol) in dry methylene 
chloride (12 ml) was added to 2_pheny1-1,3,2-di0XaPh0sPh0i 
(0.76 g, 4.5 inmol) in dry methylene chloride (5 ml) . 	After 
10 min nitrogen evolution had subsided and 1,2-dihydroxy 
benzene (0.49, 4.5 mmol) in dry methylene chloride (15 ml) 
was added and the reaction mixture stirred for 20 h. 	
31 P 
N.m.r. showed complete conversion of the reactants into the 
The solvent was removed and aniline (1.11 g; 
70%) distilled from the reaction mixture, b.p. 60°
/0.05 mm, to 
leave a solid which was recrystallised from super-dry ether to 
give the sp irophosphorane (0.26 g; 21%) as a colourless 
crystalline solid m.p. 113-115 °C (Found: C,61.0; H,4.8; 
C14 I1 130 4P requires C,60.9; H,4.7%), umax 2900, 1480, 1435, 
1350, 1125, 1005 and 945 cm- 1.6 H 3.63-4.30 (411, 
6.62-7.00 (411, m, ArH), 7.18-7.48 (311, m, ArH), 
7.62-8.01 (211, m, ArH) , 	-l4.3, m/e 276 (MF, 100%) , 233 
(40) , 232 (26) , 141 (26) , 110 (26) , 77 (23) 
This spirophosphOrafle was also prepared by the method 
of Trippet. 145  1,2-DihydroxybenZefie (0.62 g, 5.6 mmol) in 
super-dry ether (10 ml) was added slowly to 2-phenyl-1,3,2 
dioxaphosphOlan (0.92 g, 5.5 mmol) in super-dry ether (25 ml) 
maintained at -78°C. 	N--ChlorodiisoPrOPylamifle (0.75 g, 
5.5 mmol) in super-dry ether (10 ml) was then added slowly 
and the mixture stirred at -78 °C for ½ h. 	The reaction 
mixture was warmed to room temperature and stirred for a 
further 120 h. 	The amine salt crystallised out of solutiOn 
and was filtered off. 	The filtrate was b1owdowfl to half 
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its original volume and left to stand at -10 0C or 20 h. 
The spirophosphorafle (1.12 g; 74%), a colorless crystalline 
solid, crystallised out of solution and was collected and 
dried m.p. 113-115 °C, 6 -14.3. 
(viii) 2_Phenylspiro-[1,3,2diOXa]2hoSPh01a 2 , 21 [ 13 1 2 J 
m_tert_butylbenZOdiOp232SPh0 l mel 
Azidobenzene (0.86 g, 7.2 mmol) in dry methylene 
chloride (6 ml) was added to 2phenyl-1,3,2--diOXaPhOSPho]afl 
(1.20 g, 7.1 mmol) in dry methylene chloride. 	After 10 mm 
nitrogen evolution had subsided and 4-tert-butylcatechOl 
(1.19 g, 7.2 rnmol) in dry methylene chloride (12 ml) was 
added and the reaction mixture stirred for 17 h. 	31 P N.rn.r. 
showed complete conversion of the reactants into the 
pirophosphorane. 	The solvent was removed and aniline 
(0.66 g; 50%) distilled from the reaction mixture, b.p. 
60°C/0.05 mm, to leave a solid which was purified by 
distillation, b.p. 180
0C/ 0.05 mm, and recrystallisation 
from super-dry ether to give the 	irophosphorane (1.68 g; 
71%) as a colourless crystalline solid m.p. 110-113°C 
(Found: C,65.2; H,64; C 18F1 210 4P requires C, 65.1; H, 6.4%), 
Max 2890, 1495, 1260, 1070, 930 and 865 cm- 1.6 H 1.20 
(9H, s, C(CH 3 ) 3 ) , 3.68-4.21 (4H, m, OCH 2CH2 O) , 6.79 (2H, s, 
ArH) , 6.96 (1H, s, ArH) , 7.26-7.58 (3H, m, ArH) , 7.68- 
8.03 (2H, m, ArH) , 
	
-14.2, m/e 332 (Mt , 78%), 317 (100) , 




Azidohenzene (0.95 g, 8 mmol), in dry methylene 
chloride (10 ml) was added to 2-phenyl-1,3,2-dioxaphospholan 
(1.32 g, 7.9 rnmol) in dry methylene chloride (6 ml). 	After 
10 min nitrogen evolution had subsided and 2,3-dihydroxy-
naphthalene (1.26 g, 7.9 mmol) was added in super-dry ether 
(14 ml) and the reaction mixture stirred for 20 h. 	
31p N.m.r. 
showed complete conversion of the reactants into the spirophos- 
J?jprane. 	The solvent was removed and aniline (0.46 g; 63%) 
distilled from the mixture, h.p. 60 °C/0.05 mm, to leave a solid 
which was recrystallised from dry methylene chloride to give 
the spirophosphorane (1.89 g; 69%) as a colourless crystalline 
solid m.p. > 2700C (decomp.) (Found: C,66.3; H,4.7; 
C18H 1504 P requires C, 66.3; H,4.6%) 	(mull) 1155, 1130,max 
865 and 745 cm1. 	H 3.70-4.42 (4H, m, OCH 2CH 2 O), 7.12- 
6.00 (llH, m, ArH), 6 --l4.l, m/e 326 (M 	100%), 282(80), 
160(83) , 141(29) , 114 (36) , 77(22) 
2-Phenyispiro- [di-O'1c-D-glucanopyranosy1- 
1,3 , 2-dioxaphosphorinan-2 , 2 '- [1,3,2] -dioxaphospholan 
Azidobenzene (0.57 g, 4.8 rnrnol) in super-dry ether 
(7 ml) and dry methylene chloride (3 ml) was added to 2-
phenyl-1,3,2-dioxaphospholan (0.78 g, 4.64 mmol) in dry 
methylene chloride (7 ml). 	After 10 min nitrogen evolution 
had subsided and methyl-2 ,3-di-0-methy1--D-g1ucariopyranoside234 
(1.03 g, 4.64 mmol) 	was added and the reaction mixture 
stirred for 18 h. 	31P N.m.r. showed complete conversion 
-148-- 
of the reactants into the spirophosphorane. 	The solvent 
was removed and aniline (0.43 g; 66%) distilled from the 
reaction mixture, b.p. 70°C/0.05 mm, to leave the 
spirophosphorane (1.80 g; 100%) as an orange gum which 
would not crystallise. 	Attempts to distill the product 
led to decomposition. 	However, satisfactory analytical 
data was obtained for the crude product (Found: C,52.8; 
H,6.6; C 17H 2508P requires C,52,6; H,6.5%), V 	1130, 1100,max 
960 and 845 cm- 1. 	5H 2.86-4.88 (llH, rn, aliphatic H), 
3.38 (3H, s, OMe), 3.46 (3H, s OMe), 3.66 (3H, s, OMe), 
7.17-7.86 (5H, m, ZrH) , 	-33.8, rn/c 388 (Mt , 2%), 357 
(3), 285(3), 185(22), 142(17), 129(9), 101(26), 88(100). 
M, 388.126757, C 17 H 2508P requires M, 388.128693. 
(xi) 	3'-Methy1henyiSpirO[1,3,2-diOXaphOSphO1afl- 
2,2' - [1,3, 2 ] -oxazaphosEij 
Azidobenzene (0.68 g, 5.7 mmol) in dry methylene 
chloride (6 ml) was added to 2-phenyl--1,3,2-dioxaphosphoian 
(0.91 g, 5.4 mmol) in dry methylene chloride (6 ml). 	After 
10 min nitrogen evolution had subsided and 2-(methylamino)-
ethanol (0.43 g, 5.7 mmol) was added and the reaction mixture 
stirred for 20 h. 	P N.m.r. showed complete conversion 
of the reactants into the spirophosphoranc. 	The solvent was 
'removed and aniline (0.46 q; 91%) distilled from the reaction 
mixture, b.p. 60°C/0.05 mm ; to leave a solid which was 
rcryscallised from super-dry ether to give the s2irophosphorane 
(0.98 g; 75%) as a colourless crystalline solid m.p. 68-71 °C 
(Found: C, 55.0; 11,6.7; N,5.7; C 11H 16NO3P requires C,54.8; 
-149- 
H,6.7; N,5.8%), Vmax 2870, 1185, 965 and 950 cm 
2.64-4.16 (8H, m, aliphatic ring H) , 300 (3H, d, NMe, 
PH 8Hz) , 6.92-7.86 (5H, m, ArH) , 	-34•9, m/e 241 (Ma , 100%) 
185 (44) , 141 (73) , 77 (47) 
(xii) 	2-Pheylspiro- [1,3, 2-dioXaPhOSPhO 1afl 2 1 2 ' - 
1,3 ,2-benzothiazphospholine] 
Azidobenzefle (0.71 g, 6 mmol) in dry methylene chloride 
(13 ml) was added to 2-phenyl-1,3,2-dioxaphosphOlafl (0.99 cj, 
5.9 mmol) in dry methylene chloride (10 ml). 	After 10 mm 
nitrogen evolution had subsided and monothiocatechol (0.75 g, 
6 mmol) in dry methylene chloride (5 ml) was added and the 
reaction mixture stirred for 20 h. 	31P N.m.r. showed one 
major resonance at 6 +4.6 plus several minor peaks at 
between 6 +15 and +20. 	The solvent was removed and aniline 
P 
(0.29 g, 52%) distilled from the reaction mixture, b.p. 
60°C/0.05 mm, to leave an oil which on crystallisation from 
super-dry ether/petrol (b.p. 40-60°C) gave the spirophosphorane 
(1.27 g; 74%) as a colourless crystalline solid m.p. 96-97 °C 
(Found: C, 57.6; H,4.6; C14H130 3PS requires C,57.5; H,4.5%), 
Vmax 1470, 940 and 650 cm1. 	ó H 3.40-4.36 (4H, m, OCH 2CH 2 O), 
6.62-8.06 (95, m, AM), 	+4.7, m/e 292 (Mt , 100%), 249(18), 
233(14) , 215(11) , 184 (15) , 17013), , 155 (22) , 137 (17) , 108(18),  
91(22), 77(16). 
9.2 	Reaction of N-Phen1mino-2-phenyl-1,3,2-diOXaphOSphePafl 
with Alcoh01 S 
(i) 	To the iminophosphorane (1.15 g, 4 mmol) in dry 
methylene chloride (20 ml) was added 1,2-ethanediol (0.25 g, 
-150- 
4 no1) and the reaction monitored by 31P n.m.r. 	After 20 h 
two major products were present in the reaction mixture at 
6_19.0 (1282%) and -30.2 (970%), these were identified by 
peak enhancement as 2-phenylspiro-[1,3,2-dioxaphospholan-2,2 '-
[1,3,2]-dioxaphospholan] and 2-phenylspiro-[1,3,2--dioxaphos-
phepan-2 ,2 '-[1,3,2]-dioxaphospholan]. respectively, together 
With unreacted iminophosphorane 6+12.7 (661%). 	Removal of 
solvent and aniline (0.20 g; 55%) in vacuo yielded a pale 
orange oil which on crystallisation from ether gave 2-phenyl-
Spiro- [1,3 , 2-dioxaphosphepan-2 , 2 ' - [1,3,2 J -dioxaphospholan] 
(0.39 g; 38%), m.p. 70-72°C. 
10. 	31 N.m.r. Studies of the Reaction of Iminoophoranes 
and Pentacoordinate Phosphoranes with Alcohols 
(1) 	Reaction of N-phenylimino-2-phenyl--1,3,2-dioxaphospholan, 
prepared in situ, with 2-mercaptoethanol in dry methylene 
chloride at room temperature gave after 17 h an inseparable 
multi-component mixture of phosphorus-containing products. 
31 P N.m.r. (CH 2C1 2 ) showed five major peaks at 6 +35.7, 
+20.4, +18.8, +18.0 and +4.5. 
Reaction o N-pcLenyllminotriethylphosphite, 6 (CH 2 Cl 2 ) 
-0.7, with a five fold excess of ethanol in dry methylene 
chloride gave no detectable reaction after 300 h at room 
temperature. 
(iii) 	To a 0.2 M solution of 2-phenylspiro-[l,3,2-dioxa- 
phosphepan-2,2-[i,3,2]-dioxaphosphoian], 6r303l in dry 
methylene chloride was added 1,2-ethanediol (1.1 molar 
equivalents) with stirring at room temperature. 	After 50 h 
n.rn.r. showed complete conversion of the reactants into 
2-phenyispiro- [1,3, 2-dioxaphospholan'-2 , 2 '- [1,3,2] -dioxaphosLhoianj 
-isi-- 
& 	by-comparison with an. authentic sample. 
(iv). 	Addition of 1,:4-butanediol (4 molar equiva i Lts) 
t- a 0..2 M solution of 2-phenyIspiro - [1,,3,.2 -- dioxaphospholafl 
2,,2:'- [1 ,3 ,,2:j-d.ioxaJ?hospholan] dissolved in dry methylene 
c1ilride gave no new pentacoordinate phosphoranes after 48 h 
at ron' temperature. 
Ii.. 	Variable Temperature N.m.r. Studies on 1,3,2-Oxaza- 
phosphoranes 
general Method. 	The oxazaphosphorane (ca. 50 mg) was dissolved 
in dry methylene chloride or deu.terochloroforrn, in a 5 mm n..m.r. 
tube. 	The temperature of the sample was adjusted in the 
spectrometer probe and allowed to stabi.11se before spectra were 
recorded on either a Varian HA 100 instrument ( 1H n.m.r.) or a 
eI F60 ( P n.m..r.). 	The coalescence temperature was 
dtetniined t be the- temperature at which separate peaks 
merged. to become indistiriguishab'Ie. 
The free energy of activation (G*y for two-site 
exchange processes was calculated by a combination of a 
235 
9im1lf1ed Gutowsky-Holm equation for the situation at 
coalescence temperature (2TFTAV = /, where t is half the 
lifetime of either site and fv is the frequency difference 
between the separated resonances at slow exchange) and the 
E
- 	 236 . 	 . 1 
yring equation 	(k 	akT/h)exp(_LG*/RT), where a is the 
transmission coefficient, k 1 is the rate constant for the 
exchange process, T is the coalescence temperature (0K) 
-152- 
and other symbols are conventional. 	Thus k1 = 	and 
ukT H 
irvh hence AG* = RT ln( 	) . 	The transmission coefficient 
was taken as unity. 	The above relation for AG* applies 
only to the coalescence of equally populated peaks and will 
suffice for the examples here quoted. 
In each of the examples studied below the spectrum 
at room temperature was identical before and after the 
experiment. 
11.1 	Variable teerature 'H n.m.r. studies on 2,2- 
dimethoxy-2-phenyl-1, 3, 2-benzoxazaiospholine 
At 28°C the spectrum exhibited a sharp doublet, 
(CH 2C12 ) 3.56 (6H, d, POMe, J PH  12Hz) which on cooling to 
-180C was replaced by a broad convex shaped mound. 	Further 
cooling to -26 °C caused the sides of the mound to become 
concave; T   was judged to have occurred at -24 ± 2 0C when 
the mound was of an intermediate shape. At -66 °C the mound 
was replaced by two sharp sets of doublets. 	The coupling 
constants of the high field set was 10 Hz whilst that of the 
low field set was 14 Hz. 	Thus, with Av = 66Hz, AG* = 50 ± 
lkJmol 
11.2 	Variable temperature 1  H n.m.r. and 31P n.m.r. studies 
on 2,2-dimethoxy-2,5-dipheriyl-1,3,2-oxazaphospholan 
The 'H n.m.r. signals studied were at 6 1 (CDC1, 24 °C) 
3.40 and 3.61 (6H, 2 x d, 2 x POMe, J pH  11Hz and J 	 11Hz;PH 
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both doublets collapse on irradiation at the same 31 P 
frequency) and 6 4.54-4.80 (1H, m, OCHPh). 
At -120C the sp 3 proton (OCHPh) appeared as a broad 
mound which on further cooling to -32 °C started to separate 
into two signals. 	At -75 °C, two distinct sp 3 signals of 
equal area were present between 6 4.58-4.85 and 5.00-5.26 
T0 was judged to have been at -29 ± 3 0C. 	Thus, with Av = 
42Hz, AG* = 50 ± 1 kJ mol 1 . 
At -12°C the methoxyl signals formed a broad mound. 
On further cooling to -75 
0C four doublets separated from 
this mound, 6 H 
 3.28 and 4.32 (6H, 2 x d, 2 x POMe, J PH  10Hz 
and J PH 
 12Hz), 3.39 and 4.02 (6H, 2 x d, 2 x POMe, J PH 
 11Hz 
and J 	 13Hz). 	These signals were attributed to two differentPH 
oxazaphosphoranes as each set of doublets collapsed to a set 
of singlets on irradiation at different phosphorus frequencies. 
A coalescence temperature could not be determined from these 
signals due to the confused overlap with the ring methylene 
signals. 
At temperatures up to 135°C in diphenyl ether the 
• methoxy signals, A', = 21Hz, did not coalesce, thereby 
giving a minimum AG* = 88 kJ mol 1 for coalescence. 
At 28°C the 31P n.m.r. spectrum showed a single peak, 
6 (CDC1 3 )-44.8. 	On cooling this peak broadened and at 
-62°C two sharp signals, of approximately equal intensity, 
were observed at 0 
p 	 C 
-43.4 and -46.5. 	T was judged to be 
at -25 ± 2°C. 	Thus, with Av = 7411z, G* = 50 ± 1 kJ mol1. 
-154- 
12. 	The Acidic Hydrolysis of_Pentacoordinate0xazaphos- 
ranes 
General Procedure 
To the pure oxazaphosphorane (0.34-10 mmol) in super-
dry ether (10-20 ml) was added a solution of -to1uenesu1phonic 
acid (1.1 molar equivalents of a 0.225 M solution) with 
stirring at room temperature. 	The reactions were very rapid 
with the product usually being precipitated from solution 
within minutes. 	The loss of methanol or ethanol upon 
hydrolysis was detected by glc analysis of the crude reaction 
mixture or by 1  H n.m.r. 
(i) 	Dimethyl N- (2-hydroxyphenyl) phosphoramiciate was prepared 
by the addition of standard acid solution (180 p1, 10% excess) 
to 2,2,2-trimet.hoxy-1,3,2-benzoxazaphospholine (2.10 g; 
9.1 mmol) dissolved in super-dry ether (20 ml) . 	After stirring 
for 2 min a colourless solid (1.97 g; 100%) precipitated out 
of solution and was isolated by removal of the solvent in vacuo. 
Recrystallisation from methylene chloride/ether gave the pure 
osphoramidate as a colourless crystalline solid, m.p. 78.5-
79 °C (Found: C,44.4; H,5.7; N,6.4; C 8H 12N04 P requires 
C,44.3; H,5.6; N,6.5%), v max 
 336O (NH), 3140 (broad0H), 
1520, 840 and 750 cm1. 	6  3.72 (6H, d, POMe, J 	121-Iz)PH 
6.08(lH, d, NH, J 	 10Hz), 6.62-7.25(4H, m, ArH), 7.94PH 
(111, s, OH) , 6+6.3 m/e 217 (M t , 16%) , 185 (100) , 170(24) 
155 (22) , 309 (58) 
•l55- 
Diethyl N-(2-hydroXyphenflphOSph0ramidate was prepared 
by the addition of standard acid solution (83 pJ, 10% excess) 
to 2,2,2-triethoxy-1,3,2-benzoxazaphospholine (1.15 g, 4.2 mmci) 
dissolved in super-dry ether (20 ml). 	After stirring for 
5 min a colourless solid (1.03 g; 100%) precipitated out of 
solution and was isolated by removal of the solvent in vacuo. 
Recrystallisation from ether gave the pure phosphoramidate as a 
colourless crystalline solid, m.p. 61-62 °C (Found: C,49.0; H,6.5; 
N,5.7; C10H 16N0 4P requires C, 49.0; H,6.6; N,5.7%), Vmay 3360 
(NH) , 3240 (broad OH) , 1510, 1025 and 980 cm- 1. 	6H 1.27 
(6H, t, CH2CH3,1 HH 7Hz) , 3.84-4.36 (4H, rn, CH 2 CH 3 , prochiral) 
6.08 (1H, d, NH, J PH 
 10Hz), 6.60-7.28 (4H, m, ArH), 8.90 
(1H, s, OH) , 	+3.1, m/e 245 (Mt 16%) , 217 (4) , 199 (28) 
m* 192.2 (245 - 217) , 189 (7) , 171 (100) , m*164.6 (217 -* 189) 
153 (13) , m 146.9 (199 - 171) , 109 (29) , 77 (21) 
Diphenyl N- (2-hydroxyhenyl) phosphinamidate was prepared 
by the addition of standard acid solution (24 p1, 10% excess) 
to 2,2-diphenyl-2-methoxy-1,3,2-benzoxazaphospholine (0.39 g, 
1.2 mmol) in super-dry ether (20 ml). 	After stirring for 1 rain 
a colourless solid precipitated out of solution, the 
phosphinarnidate (0.36 g; 95%) isolated by filtration, m.p. > 
2000C (decomp.) (Found: C, 69.8; H,5.2; N,4.3; C 18N 16NO2 P 
requires C,69.9; H,5.2; N,4.5%), v 	(mull) 3360 (NH),max 
3060 (OH, broad), 1170, 940, 740 and 700 criH. 	6 H(d6_DMSO) 
6.40-8.00 (14H, m, ArH), 6.90 (lH, d, NH, J pH 11Hz), 
9.88 (lii, s, OH) , 6(d 6 DMSO) + 18,6, rn/c 309 (M t , 76%) 
291 (10) , 201 (100) , 185 (12) , rn* 130.7 (309 - 201) , 77 (24) 
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DiphenyiN- (trans-2-hI2cyclohex)J2sphinamidate 
was prepared by the addition of standard acid solution (40 p1, 
10% excess) to 2,2-diphenyl-2-methoxy-trans-4,5-cyclohexyl -1,3,2-
oxazaphospholan (0.67 g, 2 nimol) in super-dry ether (10 ml). 
After stirring for 5 min a colourless solid precipitated out of 
solution, the phosphinamidate (0.62 g; 97%) isolated by filtration 
m.p. 152-154°C (Found: C,68.3; H,7.1; N,4.4; C 18H 22NO2P requires 
C,68.6; H,7.0; N,4.4%), v max  3360 (NH), 3300 (OH, broad), 
2850, 1440 and 690 cm 1. 	H 0.80-3.45 (10H, m, aliphatic H) 
4.00-6.00 (1H, broad peak, NH or OH), 7.24-8.08 (1011, in, ArH), 
+26.1, m/e. 315 (Mt , 36%), 297 (4), 201(38), 114(100), 77(20). 
Diphenyl N- (13-hydroxy-a-phenethyl) phosphinarnidate was 
prepared by the addition of standard acid solution (7 p1, 
10% excess) to 2-methoxy-2,2 ,5-triphenyl-1,3,2-oxazaphospholan 
(0.123 g, 0.34 rnrnol) in super-dry ether (10 ml). 	After 
stirring for 10 min a colourless solid precipitated out of solution, 
m.p. 167169°C, the phosphinamidate (0.114g; 97%) isolated by filtra-
tion, (Found: C,71.2; H,6.0; N,4.1; C 20H 2QNO 2P requires 
C,71.2; H,6.0; N,4.2%) ,max(mull) 3260 (NH), 3160 (OH, broad.) 
1170, 720 and 695 cn. 	6 2.86-3.88 (3H, in, CH  + NH or OH) 
4.78-4.96 (1H4 m, HOCHPh),7.02-7.96 (16H, in, ArH + NH or OH), 
+26.7, m/e 377(M 	<1%), 308 (3), 231 (85), 202 (100), 201 	(71), 
118 (13) , 77 (25) 
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13. 	Thermal Reactions of some irninophosphoran 
(i) 
The imino2ho.sIjorane was prepared in situ by the 
reaction of oazidophenylbeflZOate (1.26 g, 5.3 mniol) with 
triphenyiphosPhifle (1.39 g, 5.3 mmol) in dry methylene 
chloride (18 ml) . 	The reaction was monitored by 31 P n.m.r. 
over a period of 100 h at room temperature. 	Initially, only 
one peak was observed, 6+2.9 (irninohoSphOrafle),bUt after 
14 h another peak, 6+27.4 (triphenyiPhOsphifle oxide), had 
appeared in approximately the same intensity. 	After 100 h 
the iminophosphorane resonance had disappeared and the only 
peak present was that due to triphenyiphOSPhifle oxide. 
Chromatography of the reaction mixture on alumina with petrol 
(b.p. 40-600C) as eluant gave two fractions; 2-phenylbeflZ-
oxazole (0.70 g; 68%), m.p. 98-1000C (1it.37 1030C) and 
triphenyiphOsPhifle oxide (0.68 gj 46%"', m.p. 153-155 °C 
Alit. 238 153.5 °C) , 6 p ±29.0. 
The reaction was also monitored by 31P n.m.r. in 




The iminophosphprafle (1.45 g, 2.9 mmol) in super-dry 
tert-butylbeflZefle (10 ml) was heated under reflux under 
nitrogen for 18 h and the reaction mixture examined by 31 P 
n.m.r. 	Only one peak was observed, 6 p+28.6 (triphenyl- 
phosphine oxide) . The reaction mixture was cooled and a yel].ow solid 
crystallised out of the solution which was recrystallised from ethanol to 
give 11H_isOindoiO[2,1 Jbeijrnj zol Il-one (0.42 g; 
-. 	 .0 	 239 
65%) as bright yellow crystals, m.p. 2l3-2.i-4 (lit. 
-158- 
211-212°C), Vmax 1765, 1740 cm- 
1 
 (C=0). 	Chromatography 
of the mother liquors on alumina with ether as eluant gave 
triphenylphospliine oxide (0.65 g; 80%), rn.p. 155-156 ° C 
(lit.238 153.5 °C), 6+ 28.9. 
N-(2-N-Phthalirflido) iminotrimethyiphosphite 
The iminophosphorane (1.84 g, 5.1 mmol) in dry chioro-
benzene (16 ml) was heated under reflux under nitrogen for 7 h 
and the reaction monitred by 31P n.m.r. 	It was observed that 
during this time the iminophosphorane resonance disappeared 
and another peak, 6+2.2 (trirnethyiphosphate) appeared. 
Removal of solvent and phosphate in vacuo gave a brown solid 
which was recrystallised from ethanol to give bright yellow 
crystals of 11H_isoindolo[2,1 -a]beflZimidaZOl 11 one (0.74 g; 
o 	239 
66 06) , m.p. 210-212 C (lit. 	211-212 C) 
N- (2-N-Benzamido) phenyliminotriphenylphoSPhifle 
The iminophosphorane (0.53 g; 1.1 rrunol) in super-dry 
tert-butylbenzene (7 ml) was heated under reflux under nitrogen 
for 15 h and the reaction was monitored by 31 P n.m.r. 
It was observed that during this time the iminophosphorane 
resonance disappeared and another peak, 6+25.1 (triphenyl-
phosphine oxide) appeared. 	Chromatography of the reaction 
mixture on alumina with methylene chloride gave two fractions; 
2-phenyibenzimidazole (0.14 g; 63%) , m.p. 272-282 °C (lit? 40 
294°C) ' Vax (mull) 2680 (NH) , 1315, 1275 and 970 cm', 
m/3 194 (Mt , 100%) and triphenylphosphine oxide (0.27 g; 
238 
87%) m.p. 146-149 C (lit. 	153.5 C), 6+28.9. 
-'59-- 
N- (2-N-Benzamido) pheny1iminotrimethylphophite 
The iminophosphorane (1.20 g, 3.6 rninol) in dry chioro-
benzene (8 ml) was heated under reflux under nitrogen for 5 h 
31 and the reaction monitored by P n.m.r. 	It was observed 
that during this time the iminophosphorane resonance 
disappeared and another peak appeared, 6+8.7. Significantly 
no peak due to trimethyiphosphate was observed. 	The reaction 
mixture was cooled to -10°C and a black crystalline mass was 
deposited. 	Chromatography of the solid on alumina with ether 
gave dimethyL N-methyl-N-benzamidophenylphosphoramidate 
(0.23 g; 19%), pale brown crystals m.p. 113-114 
0C (Found: 
C, 57.2; H,5,8; N,8.2; C 16H 19N2 04 P requires C,57.5; 11,5.7; 
N,8.4%) 	3410(NH) , 1675(C=0) , 925 and 835 cm- 1.max 
3.01(3H, d, PNCH3,1 PH  1011z) 	3.69 (6H, d, POCH
3 , J 	11Hz)PH 
7.00-7.58 (6H, m, ArH), 7.90-8.34 (3H, rn, ArH), 9.44 (1H, 
s, NH), 6 +9.1, rn/c 334 (N t , 34%), 317 (4), 257(14), 229(41), 
212(75), 208(39), 197(14), 167(7), 119(18), 105(100), 77(49). 
N- (2-p-To1uenesulonoxylpheny1) iminotrimethy1.phospite 
The iminophosphorane (2.00 g, 5.2 rnmol) in super-dry 
tert-butylbenzene (10 ml) was heated under reflux under 
nitrogen for 16 h and the reaction monitored by 31  P n.m.r. 
It was observed that during this time the imino l2hosphorane ,  
resonance disappeared and another peak, 6+7.4, appeared. 
Removal of the solvent and chromatography of the residue 
on alumina with methylene chloride/ether 1:9 gave a colourless 
oil which on crystallisation from ether (3 ml) gave colourless 
crystals of dimethyl N-2-2-toluenesulphonyloxyphenylphos-
phoramidate (1.16 g; 58%) , m.p. 65.5-66.5°C, (Found: C,49.8; 
H,5.2; N,3.6; C 16H 70NO6PS requires C,49.9;F1,5.2; N,3.6%), 
-160-- 
V 	1495, 1095, 930, 815 and 660 cm -1
. 
max 	 H 
6 2.42 (3H, s, 
2 Me) , 2.89 (3H, d, PNCH 3 , J 	9Hz) , 3.72 (61-1, d, POCH 3 ,PH 
13 PH 11Hz) , 6.91-7.47 (6H, in, ArH) , 7.72-7.89 (2H, m, ArH) 
6+7.9, m/e 385(M,27%), 230(100), 214(9) 198(20), 168(12) 1 
120(14), 109(17) 1 91(14), 77(9). 
(vii) N- (2 -p-Toluene sulphonoxylphenyl) iminotriphenyiphosphine 
(2.00 g, 3.8 rnmol) was heated under reflux in tert-hutylbenzene 
(10 ml) for 18 h. 	After this time 31P n.m.r. showed that 
no reaction had occurred and the iminophosphorane was recovered 
in 96% yield. 
14. 	Preparation of Phophatriazenes: Reaction of Tervalent 
Phosphorus Compound with Azido Compounds 
(1) 	N- (2-Hydroxyphenyl) -P,P,P-t4heny1phosphatriazene 
was prepared by the addition of o-azidophenol (0.52 g, 3.85 mmci) 
in super-dry petrol (b.p. 40-60 °C, 8 ml) to triphenylphosphine 
(0.99 g, 3.8 mrnoi) in super-dry petrol (b.p. 40--60 °C, 5 ml) and 
super-dry ether (5 ml) with stirring under nitrogen at room 
temperature. 	A pale yellow solid gradually crystallised 
out of the reaction mixture. 	Care was taken to exclude 
light since on exposure the product discoloured rapidly. 
Removal of solvent by decantation gave the phosphatriazene 
(1.41 g; 94%) as a pale orange crystalline solid m.p. > 
150°C (decomp.) (Found: C,72.4; H,5.0; N, 10.4; C 24 H 20N 3 0P 
requires C,72.5; H,5.1; N,10.6%), Vmax  1440, 990 and 685 cm1. 
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6.65-7.05 (3H, m, ArH) . 7.20-7.92 (1611, m, ArH) , OH not 
observed, 6 +23.6, m/e 397 (M
+  not observed), 369 (MtN2, 
100%) , 292 (17), 262 (70), 183 (68), 108 (39). 
IN- (2_HjroxyphenyU-P,P,P-tris (die thy 1 amino) PhOSPhatrit . 
was prepared by the addition of o-azidophenol (0.58 g, 4.3 mmoi) 
in super-dry petrol (b.p. 40-60 °C, 10 ml) to hexaethylphosphorus 
triamide (1.09 g, 4.4 minol) in super-dry ether (4 ml) with 
stirring under nitrogen at room temperature. 	After 1 h. a 
yellow oil had deposited which crystallised on cooling to 
-10°C to give yellow crystals of the phosphatriazene (1.28 g; 
78%), m.p. 43-45°C (Found: 0,56.6; H,9.2; N,21.8; C 18H 35 6 N0P 
requires 0,56.5; H,9.2; N,22.0%) 	1105, 950 and. 660 cm1.max 
1.13 (18, t, CH 2_3" HH 7Hz) , 3.17 (12H, d of q, cH 2 CH 3 , 
HH 7Hz, J pH 
 10Hz), 6.70-7.08 (3H, m, ArH), 7.40-7.58 (1H, 
m, ArH) , OH not observed, 6 N+94.6  (iN, d, J pN  18Hz) 
+14.8 (iN, d, J PN 
 24Hz) , -139.1 (lN, d, 34Hz) , -332.6 
(3N, d, 18Hz) , 6 +40.6, m/e 382 (Mt , not observed), 354 
(M-N2 , < 1%), 262(6), 233(12), 191(19), 119(100), 72(47). 
N-(2-Benzoyloxyphenyl)-P.P,P-triS(dimethylarniflO) 
phosphatriazene was prepared by the method of 
38 
Cadogan, Stewart and Tweddle. 	o-Azidophenyl benzoate 
(3.41 g, 14 inmol) in dry cyclohexane (100 ml) was added to 
hexamethylphosphorus triamide (2.34 g, 14 mmol) in dry 
cclohxane (180 ml) under nitrogen. 	The reaction mixture 
was stirred for 30 h at room temperature and the ahospha -




solution, rn.p. > 95 °C (decomp) 	1730 cm (C=O)max 
+ 134.7 (iN, d, J PN 21Hz) , +1.7 (iN, d, J PN  27Hz) 
-132.9 (iN, d, J PN 
 36Hz) , -358.0 (3N, d, J pN  24Hz) , 
(iv) N_(2_p_ToluenesulphonOxylphefly1)_P,P,PtriS(diethT 
amino) phosphatriazene was prepared by the addition of 
o-azidophenyl tosylate (0.35 g, 1.2 rtimol) in dry cyclohexane 
to hexaethylphosphorus triamide (030 g, 1.2 mrnol) in dry 
cyciohexane (5 ml) . 	On addition the solution instantly 
turned bright yellow and the reaction mixture was stirred for 
22 h at room temperature. 	A yellow oil was deposited which 
was recrystallised from dry methylene chloride to give the 
phoshatriazene (0.56 g; 86%) as a yellow crystalline solid, 
M.P. 79-81°C (Found: C,56.0; H,7.7; N,15.7; C 25H 41N6 0 3PS 
requires C,56.0; H,7.7; N,15.7%), Vmax (mull) 1300, 1090, 
875 and 665 cm- 1.6 1.06 (18H, t, CH2CH3, HH 7Hz) , 2.32 
(3H, s, 2Me), 3.12 (12H, d of q, J HH  7Hz, J pH  10Hz), 
6.86-7.37 (6H, m, ArH) , 7.80-7.97 (2H, m, ArH) , 	+42.5, 
m/e 536 (Mt , 0.7%), 508 (2), 479(0.7), 365 (3), 353 (6), 
247(22), 175(100), 106(45), 104(69). 
15. 	Miscellaneous Reactions 
(i) 	N- (2 -p-Toluene sulphonoxylphenyl) iminohexaethylphosphorus 
triamide was prepared by heating under ref lux for 8 h 
a solution of N- (2-p-toluenesulphonoxylphenYl) -P,P,P-tris 
(liethylarnino)phosphatriaZene (1.45 g, 2.7 mmol) in dry 
chlorobenzene (20 ml) . 	The reaction was monitored by 31P 
n.m.r. and it was observed that during this time the phos-
phatriazefle resonance disappeared and another peak appeared, 
-163-- 
6 ±18.6. 	The solvent was removed in vacuo to leave a brown 
p 
oil which on crystallisation from dry methylene chloride/ether 
at -10°C gave the iminophosphorane (0.24 g; . 17%) as yellow-
brown crystals, m.p. 76-77 °C (Found: C,58.9; H,8.2; N,10.8; 
C 25H 41N 4 0 3PS requires C,59.0; H,8.1; N,11.0%), Vmax 1495, 
1090 and 1015 cm- 1. 	6H 1.03 (18H, t, CH2CH3, HH 6Hz) , 2.36 
(3M, s, i-Me) , 3.07 (12H, d of q, CH2CH3, HH 6Hz, J pH  10Hz), 
6.23-6.60 	(2H, m, ArM) , 6.72-6.94 (2H, rit,ArH) , 7.12-7.28 
(2H, m,ArH) , 7.64-7.84 (2H, m, ArH) , 6+19.9, m/e 508 (M t , 49%) 
479(11) , 365 (48) , 353(89) , 282 (21) , 209 (31) , 175(100) , 1-04(46).  
The phosphatriazene showed no decomposition, by 31 P 
n.m.r., on heating under reflux in dry cyclohexane for 19 h. 
(ii) 	Thermal decomposition of 	henylspiro- [1,3, 2-dioxaphos- 
phepan-2,2' -[1,3,21-diOxaphoS2hOlafl]. 	The psphorane 
(0.64 g, 2.5 mrnol) was heated under ref lux in super-dry tert- 
butylbenzene (11 ml) for 48 h under nitrogen. 	The reaction 
was monitored by 31 P n.m.r. and it was observed that initially 
a single peak, 631•1 (phosphorane) was gradually replaced 
by peaks at 6±33•4 (10286%) and 1-18.3(3183%). 	Tetrahydro- 
furan was detected by gic analysis and the yield estimated to 
be 34%, by calibration against standard solutions in tert- 
butylbenzene. 	Removal of solvent in t'acuo gave a dark brown 
oil from which the phosphorus containing products could not 
be separated but which were identified by peak enhancement 
as 2_phenyl-1,3,2-dioXaphosPholafl oxide (19%), 6+33.4, and 
2_phenyl_1,3,2-diOXaphOsPheParl (81%) , 6±18•3 	
The yields 
of these two compounds were estimated from the 1H n.m.r. 
spectrum by integration of the methylene signals. 
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2, 2-Di (dime thylamino) -1,3, 2-benzoxazaphosphoie 
was prepared by the method of Cadogan, Stewart and Twedd1e 8 
A suspension of N-(2-benzoyloxyphenyl)-P,P,P-tris(dirnethyl-
amino)phosphatriazene (6.83 g, 17 rnmol) in dry cyclohexane 
(100 ml) was heated with rapid stirring at 75 °C for 20 h, 
during which time nitrogen was slowly evolved. 	The light 
brown solid which deposited was filtered off and repeatedly 
recrystallised from dry methylene chloride/ether to give 
the phosphole (1.16.g; 30%) as colourless crystals, m.p. 
174-177 °C, (S +68.0. 
2,2-Di(dimethylamino)-3,4--hiscarbornethoxy- 6 -1,5,2- 
henzoxazaphosphepine was prepared by the addition of 2,2-di 
(dimethylamino)-1,3,2-benzoxazaphosphole (0.43 g, 1.9 mmol) in 
dry methylene chloride (8 ml) to a stirred solution of 
dimethyl acetylene dicarboxylate (0.28 g, 2 mmol) in dry 
methylene chloride (6 ml) under nitrogen at room temperature. 
The reaction was monitored by 31P n.m.r. which showed that 
the phosphole was completely converted over 2 h into a single 
product, (S +7l.6. 	Removal of solvent in vacuo gave a pale 
orange solid which was recrystallised from dry ether to give 
the phosphepine as pale brown crystals (0.64 g; 90%), m.p. 164-
166 °C (Found: C,52.5; H,6.1; N,ll.l; C 16H 32N 305 P requires 
C,52.3; H,6.0; N,11.4%), Vmax  1730 (C=0), 1640 (C=0), 1430, 
1095 and 1000 cm 1 . 	6 H  2.73 (12H, d, NMe2,1 PH  10Hz) 
3.59 (31-I, s, CO 2Me), 3.87 (3H, s, CO 2Me), 6.82-7.38 (4H, m, 
ArH) 	37.1(d, N(CI-1 3 ) 2 ,1 	 4Hz), 49.9 (s, CO 7 CH 3 ) , 51.9PC 
(s, CO7 CJ-! 3 ) , 61.4 (d, P=C, J 	 178Hz) , 120.5-141.1, 159.6PC 
it- !: 
(d, C=N, J c  4Hz), 167.1 168.0 168.8 (2, CO 2Mt), 	+72.2, 
m/e 367 (Mt , 100%), 336 (7), 323 (8), 309 (48), ' 308 (59) 
280 (69), 135 (83), 106 (43), 76 (26). 
2,2-Di(dimethy1amino)-3,4-biscarbomethox-A 6 -1,5,2-
benzoxazaphosphine.ydroch1oride was prepared by the addition 
of concentrated hydrochloric acid (0.4 ml, 4 rnrnol) to a stirred 
solution of 2,2-di(dimethylamino)-3,4-blscarbomethoxy-A 6_  1,5,2- 
benzoxazaphosphine (0.73 g, 2 minol) in methylene chloride (8 ml) 
at room temperature. 	The reaction was monitored by 31 P n.m.r. 
and it was observed that after 1 h the starting material had 
been completely converted into a single product. 	Removal of 
the solvent in vacuo left a foam which was crystallised from 
methanol/ether at -10°C to give the hydrochloride as colourless 
crystals (0.56 g; 70%) , m.p. 162 °C (decomposes with gas 
evolution) (Found: C,47.3; H,5.9; N,10.7; C 36H 23C1N 305 P requires 
C,47.6; H, 5.7; N,10.4%), 
'umax  2650 (very broad peak 2100-3000 
cm) , 1755 (C=O), 1720 (C=O), 1440, 1090 and 1010 cm 1 . 
2.79 (12H, d, NMe2,1 pH  10Hz) , 3.78 (3H, s, CO 2Me), 4.04 
(3H, s, CO 2Me), 7.04-7.58 (3H, m, ArH), 7.86-8.10 (1H, in, ArH), 
13.62 (1H, broad s sharpens on cooling to -55°C), 6 37.1 
(d, N(CH3)2, 'PC 5Hz), 51.9 (s,CO 2 CH 3 ) , 53.1 (s, CO7 CH 3 ) 
75.0 (d, P-C, J 	 174 Hz), 121.3-139.8, 158.9 (d, C=N, J PCPC 
31-Iz), 161.8 (d, CO 2Me,i 	 17Hz), 163.9 (d, CO2Me, J 	 13Hz),PC 
6+55.9, m/e 405, 403 (Mt , not observed), 367 (MtHC1,  100%). 
On addition of excess triethylamine to the salt in 
deuterochioroform at room temperature, it was observed by 31P 
n.m.r. that the ylide was regenerated within seconds. 
SECTION III 
DISCUSSION 
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Leyshon and Saunders 
62  have shown that reaction of 
o-azidophenyJ. benzoate with triethyiphosphite leads to the 
formation of an intermediate iminophosphorane (116) which 
undergoes intramolecular ring closure to give 2-phenyl-
1,3,2-henzoxazole and triethyiphosphate (Scheme 90). 	In 
a preliminary study, as part of an Honours Degree programme, 
the author found that reaction of o-azidophenyl benzoate with 
hexmethyiphosphorus triamide at 80°C in cyclohexane followed 
a different course to give a novel cyclic iminophosphorane 
(117) and N,N-dimethylhenzamide (Scheme 91) . 	It was thought 
bhat the key step in the formation of 2,2--di(dimethy1amino)-
1,3,2-benzoxazaphosphole (117, 6p ±68.0) involved migration 
of the benzoyl group from oxygen to nitrogen as shown in 
Step 1. 
The reaction in Scheme 91 was of particular interest 
because past work in this laboratory had been concerned with 
intramolecular reactions of iminophosphoranes 64 and the 
preparation and study of benzoxaza- and benzthiaza-phos- 
147-151 
pholines 	in particular. 	Inspection or Scheme 91 
shows that if the migration in Step 1 is general; i.e. occurs 
for groups other than herizoyl, the reaction might provide a 
simple route to other novel phosphorus heterocycles. 	For 
this reason, a detailed study was undertaken of the reactions 
of bifunctional azides with tervalent phosphorus reagents, 
beginning with o-azido phenol. 
-168- 
 Reaction of bifunctional azides with tervdient phosphorus 
reagents; formation of pentacoordinate phosphoranes 
1.1 o-AzidophenOl with methyl diphenyiphosphiflite 
When o-azidophenol was added to methyl diphenyiphosphinite 
in super-dry ether at room temperature, the colourless solution 
instantly turned bright yellow and nitrogen was rapidly evolved. 
After a few minutes the reaction had subsided and a colourless 
solid was deposited. 	Examination of this compound by 31 P 
n.m.r. revealed a large negative phosphorus chemical shift, 
6p -36.0, which pointed towards a pentacoordinate structure 
rather than the expected iminophosphorafle structure (118) , 
formed by intramolecular hydrogen migration and loss of methanol 
(Scheme 92) 
-N 	OH 
I 	~ PPh 2QMe— I I 
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On the basis of the analytical, spectral and chemical 
evidence the structure of the colourless product was 
established as 2,2-diphenyl-2-inethoxy-1,3,2-beflZOXaZaPhOS 
pholine (119) . 	Elemental analysis gave percentage compositions 
for carbon, hydrogen and nitrogen consistent with an empirical 
formula C H. NO P. 	This was verified by observation in the i9 ±8 2 
mass spectrum of a molecular ion peak at in/c 323 
The 1H n.m.r. spectrum of the product is shown in Figure 
2. 	The structurally significant peaks are located at 6 2.98, 
a three proton doublet pH 11Hz) assigned to a POMe group, 
and 6 4.86, a single proton doublet with a large coupling 
constant pH 20Hz) typical of a two bond coupling through 
nitrogen. 
241 This absorption was assigned to a PNH grouping, 
Evidence in support of the latter was obtained from the i .R. 
spectrum which showed a strong sharp NH stretch at 3460 cm 1 . 
As already mentioned, the sign and magnitude of the 
31 P chemical shift, 6 -36.0, indicated a pentacoordinate 
environment for the phosphorus nucleus (see Experimental 
page 85 ). In addition, the magnitude of the shift was 
comparable to that previously observed for N-substituted 
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Chemical evidence in. support of the proposed structure 
(119) was obtained by acid hydrolysis in ether, , X,,illich gave 
a 95% yield of a single phosphorus containing product 
the phosphinamidate (121) . 	This result accords with the 
formation of (122) , previously observed, by Cadogan et al. 
242 
from the acid hydrolysis of 2,3-dihydro-2,2-dipheflyl2-
methoxy.3_2-tolyl_1,3,2beflZoXaZaPhOsPl1(V)0le (Scheme 93). 
E:C" °HPh 	L...Ph  N—PFh 
Ph 
/.(NPh 
 H 20 	Ar 	2 
OMe 
(121) 	Me 	 (122) 
Scheme _93 
Final proof of the structure (119) was obtained by an 
- alternative synthesis 243 from o-aminopheno1, methyl dipheny 
phospliinite, and N-chlorodi-isopropylamifle according to the 
method of Trippett. 145 
1.2 Mechanism 
The proposed mechanism is shown in Scheme 94 and involves 
nucleophilic attack by phosphorus at the terminal azide 
nitrogen, 	leading to the formation of a coloured phospha- 
triazene (123) , which decomposes with loss of nitrogen to 
give an intermediate iminophosphosphorane (124) . 	Subsequent 
proton transfer to nitrogen, followed by attack of the 
oxyaniOfl at electropositive phosphorus then gives rise to 
the benzoxazaphOsphOlifle (119) . 	Interestingly, loss of 
-173- 
methanol from this product is not observed, 	his would be 
equivalent to the elimination of N,N-dimethylbnzarnide which 
occurs upon formation of 2,2-di(dirnethylamino)-1,3,2-benz-- 
oxazaphosphole (see Scheme 91). 	That methanol is not lost 
from (119) could be a consequence of different reaction 
conditions since during the course of this study a co-worker 244 
has observed the formation of the diazadiphosphetidine (125) 
in 71% yield from the thermolysis of (119) in boiling toluene 
for 1½ h. 	This product is thought to arise by loss of 
methanol from (119), and subsequent dimerisation 37 of the 
derived benzoxazaphosphole (118) (Scheme 95). 
In connection with the latter observation it is worth 
noting that Kabachnik et al. 35 have observed the analogous 
elimination of hydrogen chloride in the formation of (126) 
from the reaction of dialkyl- or diaryl-phosphinous chlorides 
with o-azidophenol (Scheme 96). 
0 	 O\ 
PPh2 
N 	
I P H OMe 
2 NHPh -MeOH (118) 
N (119) 	
Scheme 9 
--- C\ \ OH >-H 
+ R 2 PC 




Finally, attention is drawn to studies by Itegmann 
et al. 164 who found that irninophosphoranesof the type 
(127) existed in equilibrium with a pentacoordinate phos-
phorane form (128) as shown in Scheme 97. 	The former 
compounds were prepared by the procedure of Kirsanov, a 
method that is largely restricted to tervalent phosphorus 
reagents containing phosphorus-carbon bonded ligands. 
Introduction of alkoxy groups, for example, would be expected 
to lead to rearrangement of the phosphorus reagent, by a 
variation of the Arbuzov reaction (Scheme 98).245 	B 
comparison, the reaction of bifunctional azides with 
tervalent phosphorus reagents does not suffer this drawback 
and offers a potentially simple, and mild route to penta 
coordinate phosphoranes, a class of compounds which are 
generally thermally and hydrolyticaily unstable. 	The 
utility of this approach is discussed in the following section. 
o f 
—2HBr('OH z 
,- NH 2 
+ 	'N=PR 3 





R 2 POR + Br 	R 2 PBr + RBr 
Scheme 98 
-3-75-- 
B 	It 	 It 
133 Ph 	Ph 	 OMe 
134 P11 	-OCH 2 CH2O- 
135 Ph 	-CMe 2CHH -- 2C 
Yl 
0 
H L R 
(12 9) 
(CJ)C1) Yield M.Pt. Analysis' MI. 
p (%) ( °C) C H N 
-51.5 98 42-44°C 47.0 6.0 6.1 231 
46.8 6.) 6.1 
-53.9 96 32-34°C - - - 273.112312 
273. 1)2947 
-39.8 92 70-72°C 60.8 5.8 5.0 277 
60.7 5.8 5.1 
-36.0 90 >2400 C 70.3 5.6 4.4 323 
(decomp.) 70.6 5.6 4.3 
-264 70 141-144° C 61.3 5.1 5.0 275 
61.1 5.1 5.1 
-40.7 83 142-145°C 71.6 7.2 4.7 285 
71.6 7.1 4.9 
130 OMe 	OMe 
	OMe 
131 OEt 	.OEt 
	
OE t 




a Top row round, bottom row requires. 
h M., mo1ecu1a ion. 
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1.3 General reaction of 0-azidpp ilenol with terjaient 
osphorus reagents 
Following the successful isolation of 2,2-dipheflyl -
2-me thoxy-i , 3, 2-ben zoxazaphospholine from the reaction 
of o--azidophenoi with methyl diphenyiphoSPhinte, the 
scope of the reaction was investigated with tervalent 
phosphorus reagents of different nucleophiliCitY 
including a phosphite, phosphonite, phosphinite, dioxa-
phosphol an, and a phosphe tan. 
The general procedure adopted was to add o-azidophenol 
to the tervalent phosphorus reagent in super-dry petrol or 
ether at room temperature. 	After the evolution of nitrogen 
had ceased the products were isolated as colourless solids 
by crystallisation and identified as pentacoordinate 
phosphorafleS of the type (129), principally on the basis of 
their large negative phosphorus chemical shifts. 	Additional 
support for this assignment was obtained by the observation, 
in most cases, of a NH doublet 	pH 18-28 Hz) in the 
n.m.r. spectrum and a strong NH stretch in the I.R. spectrum 
at ca. 3450 cm 1 . 
Table 1 lists the benzoxazaPhOSPhOlifles prepared in this 
manner together with their 31P n.m.r. chemical shifts, 
yields, melting points, elemental analyses and molecular ion 
nasses. 
The benzoxaZaphOsPholines (130-135) were hygroscopic 
solids which hydrolysed rapidly on exposure to the atmosphere. 
The triethyiphosphite derivative (131) could not be obtained 
analytically pure for this reason, despite rigorous attempts 
to exclude water. 	Otherwise, the compounds were stable 
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The majority of the benzoxazaphospholines ere sparingly 
soluble in ether but dissolved readily in chloroforni. 	In 
marked contrast to this observation, the colourless product 
obtained from the reaction of o-azidophenoi with 1-phenyl-
phospholan was found to be sparingly soluble in both chloro-
form and methylene chloride, but could be dissolved in more 
polar diinethyl suiphoxide. 	That this compound might be 
structurally different from (130-135) was indicated by the 
observation of an atypical broad absorption at 3140 cm- 1 
in its I.R. spectrum, indicative of an hydroxyl. group. 
An initial proposal that the compound was an iminophosphorane 
of the type (136) was discounted on the basis of the 
observed 31 P chemical shift at 6 
p 
 -20.1, which indicated a 
pentacoordinate phosphorus environment. 	This shift differs 
from that of the oxazaphosphoranes (146; -40.1) and 
(149; -36.9) by 17 and 20 ppm respectively, whereas the 
shifts for the corresponding methyl diphenylphosphipite 
derivatives (145; -44.7) and 148; -42.6) differ by only 
6 and 8 ppm from the benzoxazaphospholine (133; -36.0) 
This argues strongly against the benzoxazaphospholine 
structure (137) for the compound obtained from the reaction 
of o-azidophenol with 1-phenyiphospholan. 
A structure that could account for these observations 
is the diazadiphosphetidine (138) , formed by intermolecular 
dinierisation of the intermediate imi.nophosp.horane (136) * 
Although no parent ion peak was observed at 542 it is well-
known that diazaiphosphetidi.nes cleave to the monomer 
upon thermolysis in the mass spectrometer. 164 244 
-179- 
Whilst the available evidence points to the diaza-
diphosphetidine (138) as the most likely structure, any 
final assignment must await the results of molecular 
weight and/or X-ray crystal structure determinations. 
In some instances, the reaction of o-azidophenol 
with tervalent phosphorus reagents resulted in the formation 
of iminophosphoranes. 	Thus, addition of the azido compound 
to diethylphenylphosphine and 1-phenyiphosphorinan at room 
temperature led to the initial formation of unstable deeply 
coloured phosphatriazenes which decomposed at higher temper-
atures with loss of nitrogen to give, in each case, a single 
phosphorus-containing product. 	These compounds were 
identified as iminophosphoranes by their characteristic 
positive 31P chemical shifts, and a broad OH stretch at 
-1 
Ca. 3270 cm . 	Physical and analytical data for these 
compounds are listed in Table 2. 
((OH Ph 
N=PR1 
H 1 H 2 (S (CDC1 ) Yield 	M.Pt. 
(%) ( °C) 
Analysis SL 





70.3 7.3 5.1 
70.3 7.4 5.1 
71.7 7.0 4.8 
















	 a (CDC1 3 ) Yield M6Pt. 	Analysis 
p 	 (%) 	(C) C 	H 	N 
145 Ph 	OMe --44.7 	62 71-73 69.1 7.4 4.0 
69.3 	7.3 	4.3 
146 •-(CH 2 ) 4 - 	-40.1 	60 37-39 	- 	- 	- 








R2 d 	(CDC1 3 ) Yield MoPt. Ana lys i s 
 MIa , J) 
p (%) (C) C H N 
3.47 	3r4e 	OI4e -44.8 5 5 35-58 62.7 6.5 4.7 305 
62.9 6.6 4.6 
148 	i-'h 	3'4e -42.6 85 103-105 71.7 6.5 3.9 not observed 
71.8 6.3 4.0 




In the case of triphenyiphosphifle and hexaetbylphosphorus 
trimide it was possible to isolate and characterise the inter-
mediate phosphatriazenes (141) and (142) which on thermolysis 
yielded a plethora of phosphorus containing products rather than 
the expected iminophosphorane •246 
N=N-NP R 3 
(141) R=Ph 	(142) R=NEt2 
1.4 	Reaction of othe r 	 2...  alcohols _with tervaleflJhOShOrUS 
reagents 
1. 4 .1 tran.s_2-AzidOCYClohexal2.L_2_az ido-l-pheflyl-1-et.haJl2L. 
In view of the facile formation of pentacoordinate henzox-
azaphospholiflaS from o-azidophenol and tervalent phosphorus 
reagents it was decided to examine the corresponding reactions 
with aliphatic azido alcohols such as trans-2-azidocyclohexafloi 
and 2-az c-l-phenl-l-uLhafloi. 
to he less reactive than aromati 
C? 
use 1tire nucleophilic phosphorus 
The Drodl1ts obtained are listed 
Since such azides are known 
azicies, 61 it was necessary to 
reagents to promote reaction. 
in Table 3 together with their 
physical and analytical data which are consistent with the 
penticoord 	 3. inate structures '3 and 146. 	Qualitatively, the 
oxa?aphosphoies (145-149) were hydrolytically more unstable 
than the corresponding benzoxazaphOSPhO1iflCS 	This is reflected 
in the number of derivatives which could not be iso].üLed in an 












A 	 OMe 
Ph-. 
MeONNCH C OMe 
(153) 
- CH 2 OH 
I 	,Ph 
1 
(154) R=OMe R 2= OMe 	(155) R1 = Ph R 2= OMe 
(156) P= Ph R'= Ph 
4 	(CDC 	 3 ) 
p 
Yield M6pt. Analysis?' Molecular 
(%) (C) C H N ion 
-40.9 60 144-147 62.1 5.6 4.8 289 
62.3 5.6 4.8 
-44.5 61 95-8 62.5 5.5 4.8 289 
62.3 5.6 4.8 
+22.4 88 65-68 71.0 6.1 4.2 337 
712 6.0 4.2 
+6.7 51 148-149 78.1 5.7 3.6 383 
78.3 5.8 3.7 
'Jb1c 4 
/ Ph 




1.4,2 2:1Tydro>:yhenzyl azide;o-azidobenzyiaicohol 
Generally speaking, the vast majority of pentacoordinate 
phosphoranes isolated to date contain at least one five-membered 
ring, whereas those compounds which contain a six-membered ring 
are seldom encountered in the literati-ire. 01re	Accordingly, an 
attempt was made to provide a general route to this class of 
compound by exploring the reactions of o-hyclroxybenzyl azide and 
o-azidobenzyi alcohol with various tervalent phosphorus reagents. 
Initial investigations proved successful and in the case 
of 2-phenyl-1,3,2dioxaphospholan led to the ready formation of 
the isomeric pentacoordinate phosphoranes (150) and (151) 
However, further reactions with other tervalent phosphorus 
reagents gave unstable products, tentatively identified by 
their 31 P chemical shifts as iminophosphoranes. 	Thus, 
addition of o-hydroxybenzyl azide to dimethyl phenylphosphonite 
gave three products; an iminophosphorane (152; 	21.7) 
dimethyl phenylphosphonate, presumably formed by hydrolysis 
of (152) , and the diazadiphosphetidine (153; 	62.9) 
That the iruinophosphorane (152) is hydrolytically unstable 
is not unexpected since the ease of hydrolysis can be 
correlated with the basicity of nitrogen. 70 	In the case 
of (152) , for example, there is no possibility for the 
delocalisation of the negative charge on nitrogen into the 
aromatic ring, since conjugation is precluded by the inter-




HR 1 3 
(I) 	R 	(j) 	R 
Isomer 	R1 	R2 	R3 	R4 6 (CDC1 3 ) 	Yield M.Pt. 	Analys i s a 
p 	 (%) 	( °C) C 	H 	N 
158 	i 	H 	Ph 	-CCH 2 CH 9 O- 	-39.0 	72 	137-141 	61.1 	5.5 10.3 	274 
	
61.3 5.5 10.2 
159 	i 	H 	Ph 	-OCH CH CH 0- 	-57.8 	53 	140-143 	62.3 	6.0 	9.6 	228 2 	2 	
62.5 5.9 9.7 cc 
160 	ii 	H 	Ph 	Ph 	OMe 	+19.7 	86 	54-56 	- 	- 	- 	322.123619 
322.123494 
161 	i 	Ts 	Ph 	-OCH 2 CH 2 O- 	-28.9 	29 	118-120 	58.6 	4.9 	6.3 428 
58.9 4.9 6.5 
162 	ii 	Ts 	OMe OMe 	0-Me 	+5.0 	95 	98-100 	49.9 	5.4 	7.1 384 
50.0 5.5 7.3 
163 	ii 	Ts 	Ph 	OMe 	OMe 	+21.4 	87 	102-103 	58.6 	5.4 	6.5 430 
58.6 5.4 6.5 
164 	ii 	Ts 	Ph 	-0(CH 2 ) 4 0- 	+19.7 	64 	131-132 	60.3 	5.7 	6.0 456 
60.5 5.5 6.1 
165 	ii 	Ts 	Ph 	-(CH ) .- 	 +37.5 	75 	175-177 	64.9 	5.9 	66 424 2 ' 
65.1 5.9 6.6 
-185- 
Other unstable iminophosphoranes were alo obtained 
upon reaction of o-azidobenzyl alcohol with methyl diphenyl-
phosplii.nite (155, 6 +22.4), and dimethyl phenyiphosphonite 
(154, 6 +36.4) . 	However, it is unclear why these compounds 
should decompose on standing at room temperature in solution 
since the corresponding triphenylphosphine derivative 
(156, 6 +6.7) is stable indefinitely under the same conditions. 
The physical and analytical data obtained for compounds 
(150) , (151) , (155) and (156) are listed in Table 4 together 
with their yields. 
1.5 	Reaction of o-azidoanilines with tervalent phosphorus 
reagents; formation of ber1azapt1osjDholir1eS 
Few examples of benzdiazaphospholifleS are known.. 166)  
and recent attempts at their synthesis via reaction of o-
phenylenediamine with tervalent phosphorus reagents in the 
6 
presence of N-chlorodi-isopropylalflJ-fle have failed. 14 
	It 
was therefore considered desirable to investigate the 
synthetic potential of the reaction of o-azidoaniline with 
tervalent phosphorus reagents as a route to this class c.f 
compounds. 
1.5.1 o-Azidoaniline 
As in the case of the corresponding reaction with 
0 -azidophenol condensation of 2-phenyl-1,3,2--dioxaphOSPhOlafl 
and 2-phenyl--1, 3, 2-dioxaphosphepan with o-azidoaniline led 
to the immediate generation of pentacoordinate phosphoranes, 
characterised as (158) and (159) respectively on the basis of 
their large negative 31 P n.m.r. shifts (see Table 5) - 
A plausible mechanism for the format-Lon of (158) and 
(159) is shown in Scheme 99 and involves the intermediacy 
of an iminophosphorane (157) which rearranges by nucleophilic 
attack of the amino nitrogen at electropositive phosphorus 
followed by a proton shift to the ylide nitrogen. 
('1 NH 2 
N3 
+ PR 3 	
N H 2 
aN=N-N=PR 3  






"~ N H 2 
N = PR 3  
(157) 
Scheme 99 
This reaction however, whilst providing a useful route 
to the benzdiazaphospholifleS (158) and (159) was found not to 
be general and the corresponding reaction with other tervalent 
phosphorus reagents led to the formation of an unstable imino-
phosphorane rather than a pentacoorcilnate phosphorane. 	Thus, 
iminophosphoranes were observed transiently with methyl 
diphenyiphosphin.ite (160, 6+19.7) , dimethyl phenyiphosphonite 
(+l7.7) , 2-phenyl-1,3,2--1 , 3 ,2 	(6+15.0) , and 
1-pheny1phosphO1afl ( 6 
p 
	. In all cases, instability 
-187- 
could be ascribed to increased basicity, leading to facile 
hydrolysis, due to delocalisatiOn of the lone pair of 
electrons on nitrogen into the ylide system as shown in 
Scheme 100 (see also compound (152) on page 183 ). 
Significantly, the related N_phenyl-iminOphOSPhOranes which 
have no such electron donation to the ylide nitrogen are 
relatively stable and consequently isolable. 232 
17NH 2 




The physical and analytical data for the compounds 
obtained from the reaction with o-azidoaniline with tervalent 
phosphorus reagents are listed in Table 5. 
1.5.2 o-Azidoani]ifle derivatives 
In an attempt to overcome the problem of instability 
observed with o-azidoanilifle, the latter was converted into 
derivatives in which an amine hydrogen was replaced by an 
electron withdrawing group (e.g. 2-toluenesuiphonyi) . 	 It 
can be argued that the presence of such groups would stabilise 
iminophosphorarie derivatives with respect to hydrolysis and 
other reactions by reducing the nucleophilicity of the ylide 
nitrogen atom. 	In practice stable and isolable iminophos- 
phoranes were obtained from the reaction of N-(o-azidopheny].) 
pto1uene-sulphonamide with trimethylphosphite (162, 
A. 
-188- 
dimethyl phenyiphosphonite (163, 	.4), 2-phny1-1, 3,2- 
dioxaphosphepan (164, 6 +19.7) and 1-phenyiphospholan 
(165, 6 ,+37.5) . 	As before, reaction with 2-phenyl-1,3,2- 
dioxaphospholan resulted in the formation of a pentacoordinate 
phosphorane (161) , typified by its 
31P chemical shift at 
&-28.9. 	The physical and analytical data obtained for these 
compounds are listed in Table 5. 
Two other amino derivatives, o-azido-N-triphenylmethyl-
aniline and o-azido-(N-2,4-dinitropheflyl) aniline, were also 
prepared with the intention of investigating the steric effect 
of bulky nitrogen substituents upon pentacoordinate phosphorane 
formation. 	Unfortunately, no such compounds were formed with 
either dimethyl phenyiphosphonite, or the cyclic reagents, 
2-phenyl-1, 3 ,2-dioxaphospholan and 1-phenyiphospholan and this 
line of research was not pursued any further (see Experimental 
p.138 ). 
1.6 Reaction of o-azidophel tosylate with tervalent 
phosphorus _reagents 
As Schemes 94 and 99 show the formation of pentacoordinate 
pliosphoranes in sectionsl.i to 1.5 requires the transfer of a 
proton from a hetero-atom to the nitrogen atom of the ylide. 
To test if groups other than hydrogen would similarly migrate, 
o-azidophenyl tosylate was prepared and reacted with triphenyl-
phosphine and trimethylphosphite. 	Stable iminophosphoranes 
(166) and (167) were obtained which showed no propensity to 
rearrange to pentacoordinate phosphoranes via tosyl group 
-189- 
migration at room temperature. 	In an attempt It o induce 
isornerisation, the irninophosphorane (166) was heated under 
reflux in tert-butylbenzene, but even after 18 h was 
recovered unchanged. 	By way of contrast thermolysis of 
the trimethyiphosphite derivative (167) in chlorobenzene 
for 5 h led to a rearrangement, but not to the desired 
pentacoordinate phosphorane (168). 	Instead, the phosphor- 
amidate (169) was formed in 58% yield, presumably by the 
precedented migration of a methyl group from oxygen to 
nitrogen. 247 
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1. 7 Conclusions  
The foregoing investigations demonstrate that a variety 
of pentacoordinate phosphoranes, including cyclic oxaza- 
and diaza-phosphoranes, can be prepared in higl ~ yield and 
under mild conditions by the reaction of bifunctional azides 
with tervalent phosphorus reagents. 	In addition to the 
described results, co-workers 
 248  concurrently extended the 
scope of the reaction by isolating pentacoordinate phosphor-
anes from the reaction of benzohydroximic azic3e (170) , 
azidobenzaldehyde 2, 4-dibromophenyihydrazone (171) and 
-azidoacetophenones (172) with tervalent phosphorus reagents. 
Representative examples of these reactions are shown in 
Scheme 101. 	For derivatives (173) and (174) , reaction 
presumably proceeds by a mechanism analogous to that described 
earlier in Schemes 94 and 99 in which a proton is shifted 
from the w-hetero-atom to the ylide nitrogen atom with 
ring closure. 	In the case of (175) a hydrogen shift can be 
envisaged as occurring via the enol form of ketone (176) 
It should be noted that the proposed mechanisms for 
pentacoord mate phosphorane formation involve the inter-
mediacy of an iminophosphorane. 	Although this may seem a 
reasonable assumption, considering such compounds are the 
usual products of the Staudinger reaction, in no case was 
an iminophosphorane detected as an intermediate, which 
subsequently cyclised to a pentacoorcflnate phosphorane. 
-192-- 
The reaction of bifunctional azicles with tervalent 
phosphorus reagents is complementary to the previously 
described reaction of w-amino-substituted phosphites with 
phenyl azide leading to pentacoordinate cyclic oxazaphos-
phoranes (Scheme 69) •l65 
	Furthermore, the reaction is one 
of a growing number of syntheses by which pentacoordinate 
phosphoranes are formed by interaction of phosphorus ylides 
with alcohols and amines (see Introduction p.59 
As a synthetic method for the preparation of penta-
coordinate phosphoranes the reaction is comparable to that 
developed by Trippett and co-workers, 
145 whereby an amino-
alcohol, for example, is condensed with a tervalent phos-
phorus reagent in the presence of N-chlorodiisopropylamine. 
In some respects Trippett's procedure offers distinct 
advantages. 	Thus, it obviates the need to convert the 
amine precursor into an azido compound and significantly 
it is possible to use tervalent phosphorus reagents which 
are of sufficiently low nucleophilicity that they normally 
would not react with an azido compound below its decomposition 
temperature. 	Nonetheless, under certain circumstances the 
'azide route' will be the method of choice. 	For example 
when preparing unstable pentacoordinate pliosphoranes since 
any handling of the product (and consequently exposure to 
moisture and nucleophiles) is minimal. 	Moreover, the 
leaving group is nitrogen as opposed to an insoluble 
ammonium salt and the need for filtration and transfer of 
product from the reaction flask is removed. 	In addition 
the azido compound/tervalent phosphorus reagent reaction 
is fast in comparison to the Trippett reaction which often 
takes several days to reach completion. 	Therefore, any 
-193- 
decomposition of the product dependent on time is reduced 
to a minimum. 	These latter factors may account for the 
successful isolation of pentacoordinate benzdiazaphospholines, 
(159) and (160) , by the 'azide route' and the failure of the 
Trippett method. 
In summary, the reaction of bifunctional azides with 
tervalent phosphorus reagents provides a simple, mild and 
efficient synthesis of pentacoordinate phosphoranes which 
should prove to he a useful alternative to the method of 
Trippett and co-workers. 	Indeed, these reaction features 
have been recently utilised to advantage by Baccolini 
et al. 249 to effect the facile synthesis of the first 
pentacoordinate phosphorane incorporating the 2H-1,2,3-
diazaphosphole ring system (Scheme 102) 
Ph 
OH + Ph—PN —N2  N—FPh 
N 3 	H• 	 H i :Nix- Ph 
Ph Ph 	Ph 
Scheme 102 
Many other possibilities can be envisaged, and in this 
respect it would be worthwhile to investigate the interaction 
of S-H and C-H bonds with the phosphorus-nitrogen double 
bond in the hope of further extending the scope and synthetic 
utility of the 'azide route' 
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2. 	Factors influencinc ,entacoordinate hosphorane 
formation vs. iminophosphorane formation 
An important feature of the reactions described in 
sections 1.1 to 1.5 is that in some instances a enta-
coordinate phosphorane is formed whereas in others the 
product is an iminophosphorane. 	From the results 
obtained it is possible to identify and study in 
isolation some of the factors which determine the 
coordination state of the product obtained since series 
of examples can be found in which only one parameter is 
varied. 
Before entering into a detailed discussion of these 
factors it is necessary to make a basic assumption 
concerning the nature of these products. 	Namely, that 
the compounds isolated from the reaction of bifunctional 
azides with tervalent phosphorus reagents are thermodynamic 
not kinetic products. 	In the case of pentacoordinate 
products this is not an unreasonable assumption since their 
formation most probably involves the intermediacy of the 
isomeric iminophosphOrafle form. 	When the final product 
of reaction, however, is an iminophosphorane the assumption 
is more difficult to justify although the following 
observations do give some support to this argument. 
Thus, if it is accepted that an iminophosphorane is an 
intermediate then its isomerisation to the pentacoordinate 
phosphorane must be rapid on the n.m.r. time scale since 
the former cannot be detected by 31P n.m.r. in any of the 
-195- 
examples studied. 	Moreover, in systems where In observable 
equilibrium does exist between tetra- and penta-coordinate 
forms 164  it has been noted that the equilibrium is rapidly 
re-established upon perturbation of the system. 	Therefore, 
it seems likely that if an irninophosphorane is formed as a 
kinetic product it would, upon standing in solution, isomerise 
to the thermodynamically more stable pentacoordinate form. 
To test this possibility several of the iminophosphoranes 
isolated were observed in solution by n.m.r. spectroscopy 
for up to 120 h and in no instance did conversion into a 
pentacoorclinate phosphorane occur. 
2..1 Electronic effects atphosphorus 
From a comparison of the reactions of o-azidophenol 
with diethyiphenyiphosphine and dimethyl phenyiphosphonite 
it is apparent that electronic effects at phosphorus play 
an important role in determining the nature of the products 
obtained. 	Thus, the former reagent gives rise to an imino- 
phosphorane (139) whereas the latter in which the electro-
positivity of phosphorus is increased by the presence of two 




CH 2CH 3 
(139)  
- 











This result accords with those of Stegmannet al. 164 
who found that for a series of N-(2-hydroxy-3,5-di-tert 
butyiphen.yl)-iminOphosPhorafleS (177) the position of the 
iminophosphorane-pentaCoordiflate phosphorane equilibrium 
depended upon the electronic environment at phosphorus. 
The data in Table 6 shows that as phosphorus became 
progressively more electropositive the pentacoordinate form 
(178) is increasingly favoured. 
B ut 
,r°H  Bu " N=PEiR1 
(177) 
	
R 	 % (177) 	 %(178) 
CH-0- 	 89 	 11 j 
CH 3- 60 	 40 
H- 	 33 	 67 
CH3CO- 	 - 	 100 
Table 6 
A further example of this electronic effect may be 
found by comparing compounds (161) and (165). 
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2.2 Small-ring effect 
Another significant point to emerge from t1e study 
of the reactions of bifunctional azides with tervalent 
phosphorus reagents is that the incorporation of phosphorus 
into a small-ring appears to favour the formation of a 
pentacoordinate rather than a tetracoordinate product. 
This effect is manifest, for example, in the reactions 
of o-azidophenol with 1-phenyl-2,2-dimethylphosphetan 
and diethyiphenyiphosphine leading to (135) and (139) 
respectively. 	Whilst the degree of electropositivity 
at each phosphorus atom is expected to be similar the 
phosphetan derivative is found to exist in the penta- 
coordinate form. 	Apparently, in this case the small- 
ring effect acts to overcome an otherwise unfavourable 
electronic environment at phosphorus thus promoting 
pentacoordinate phosphorane formation. 	Further examples 
of this manifestation of the small-ring effect can be 
identified by comparing compounds (155) and (150), and 











The  source of this effect may he best visualised in 
terms of relief of ring strain but as already noted 
entropy factors and relief of molecular crowding are 
probably also involved (see Introduction pages 68-75). 
It can therefore be argued that in compounds containing 
a four-membered ring, the natural angle at phosphorus 
should be approximately 900. 	Hence on going from four 
(CPC, 108 
0 
) to five (CPC, ae, 90 
0
) coordination a relief 
of ring strain can be achieved which will act as a driving 
force for pentacoordinate phosphorane formation. 	Support 
for the view, that "small-ring" iminophosphoranes are 








The observed bond angle C 4 P 1 C 1 
 of the phosphole ring 
is 94 ° which is much closer to the 90 ° ae angle of a TI3P 
than the tetrahedral value of 109 ° . 	The exocyclic bond 
angle N 1P 1C, 7 is fairly close to 109.5 ° and indicates that 
phosphorus is tetrahedrally coordinated. 	There must 
therefore be a considerable degree of strain present in the 
phosphole ring. 
Strong support for the importance of the small-ring 
effect in determining the coordination state comes from 
an inspection of the nature of products obtained as the 
-199- 
ring size increases. 	Thus, the six-membered rig compound 
(140) exists as an iminophosphorane unlike the isomeric 
four-membered ring pentacoordiflate phosphorane 1(135). 
This difference in behaviour presumably arises because 
there is no significant small-ring effect in (140) therefore 
the electronic effects, as discussed earlier in relation to 
the acyclic analogue (139), dominate. 	An additional 
example of this competition between effects may be found by 
comparing (161) and (164). 
(140) 
2.3 Other factors 
In addition to small-ring and electronic effects other 
factors can he envisaged which could influence pentacoordinate 
phosphorafle formation. 	For example, a comparison of the 
series of derivatives of o-azidophenol (130-135) with 
o-azidoanulifleS (158-165) leads -Co the conclusion that the 
NH group shows less propensity to undergo intramolecular 
cyclisatiOnS to give pentacoordiflate phosphoranes than 
does OH. 	The source of this phenomenon is probably 
electronic in nature and may be associated with the different 
apicophilicitieS of oxygen and nitrogen. 103 
Amongst other possible factors which may a]1so exert 
an influence on pentacoordinate phosphorane forriation are 
steric effects of ligands at phosphorus, pplTdonation from 
- 	186,187 
ylidic nitrogen, the phospholan effect, 	 and the 
size of the new ring formed in the intramolecular cyclisation. 
However, insufficient information is available from this study 
to allow an evaluation of these factors in isolation. 
In conclusion, two distinct factors have been identified 
as having a profound influence on the coordination state of 
the product derived from the reactions of bifunctional azides 
with tervalent phosphorus reagents. 	These are the small- 
ring effect and the electronic nature of substituents at 
phosphorus. 
3. 	Forrnationofpentacoordinate phosphoranes by reaction 
of iminophosphoranes with alcohols. 
The successful outcome of the reaction of bifunctional 
azides with tervalent phosphorus reagents as a route to 
pentacoordinate phosphoranes prompted an investigation of 
the related intermolecular reaction as depicted in Scheme 103. 
R1 N 3 













Assessment of the factors involved in the intra-
molecular reaction suggested that the above intermolecular 
reaction would most likely be achieved if an iminophosphor-
ane was selected with an electropositive phosphorus atom 
enclosed within a small-ring (R 
2 _R -R ). 	Other considerations 
also led to the constraint that the third substituent at 
phosphorus (R4 ) should be firmly bound, in order to minimise 
the possibility of ligand exchange by nucleophilic attack. 
Both these requirements are met by the iminophosphorane 
(181). 	In view of the anticipated lability of the -NHR 1 
group (180) it was decided to employ a bifunctional alcohol 
or else a monofunctional alcohol in two molar excess in 






3.1 Reaction of N-phenyllrninpheny1-1,3,2-dioxahos-
pholan with 1, 2-diroxybenzene 
Reaction of 2-phenyl-1,3,2-dioxaphospholan, azido-
bcnzene with the bifunctional reagent 1,2-clihydroxybenzene 
in methylene chloride at room temperature led to the 
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successful, and hy 31P n.m.r., quantitative formation of a 
pentacoordinate phosphorane. 	On the basis of the analytical 
and spectral data the compound was identified as 2-phenyispiro-
[l,3,2-dioxaphospholan-2,2'-[1,3,21 --henzodioxaphosphoiifle] 
(187) and its structure confirmed by an alternative synthesis 





3.2 General reaction of_N-phenylimino-2-phej 2 -
dioxaphospholan with alcohols 
The generality of the foregoing reaction as a route to 
pentacoordinate phosphoranes was examined by reacting the 
iminophosphorane (181) with a range of alcohols. 	The 
pentacoordinate products obtained are listed in Table 7 
together with their • 31P n.m.r. shifts, yields, melting 
points, elemental analyses and molecular ion masses. 
Particular points of interest which arise from this data 
are discussed below. 
-203- 
O R1 
182 OME 	 OMe 
183 -CCH2CLi2 O•- 
184 -0(CH 2 ) 30- 
185 -0(CH2 ) 40- 
186 
0•1 • 0I 
187 	
01, 
(CDC1 ) Yield M.Pt. Analysis  M. I 
(%) ( °C) C H 	N 
-34.2 74 liquid 52.5 6.4 - 230 
52.2 6.6 	-- 
-19.2 85 124126* 52.6 5.7 - - 
52.6 5.7 - 
-34.1 79 92-94 54.5 6.2 - 242 
54.6 6.2 - 
-30.2 82 70-72 56.1 6.6 - 256 
56.3 6.7 - 
-22.5 68 93-96 59.6 6.8 - 282 
59.6 6.8 - 
-14.3 	21 	113-115 	61.0 4.8 - 	276 
60.9 4.7 - 
188 -14.2 
-T, 
Bu 	O  
71 	110-113 	65.2 6.4 - 
65.1 6.4 - 
332 
Table 7 




Table 7 (contd.) 
—o 1 I bMe 
OMe 
191 	-NMeCFJ Cli 0- 	-349 
2 2 
+4.7 
55.0 6.7 5.7 24). 
54.8 6.7 5.8 
57.6 4.6 - 	292 





R1 	R2 	ó (CDCl) 	Yield 	M.Pt 
p 	
(%) 	(O() 







- 33.8 100 	- 
Ana lys i s   
C 	11 	N 
	
66.3 4.7 -- 	326 
66.3 4.6 - 
52.8 6.6 - 	338 
52.6 6.5 - 
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Thus, the reaction worked equally well fo both 
aliphatic and aromatic alcohols even though thse 
functional groups differ in acidity by a factor of 
approximately 108 .251 Moreover, the method was not 
restricted to diols only, but also worked with methanol, 
2-(methylamino)ethaflol (191) and monothiocatechol (192). 
In contrast to these successes no pentacoordinate product 
was obtained with 2-mercaptoethaf101. 	However, this 
result may be due to an inherent instability in pentaco-
ordinate phosphoranes which contain a 1,3,2-thiaoxaphOS -
pholan ring rather than a failure of the method since 
irippett et al. 
146 were also unable to prepare pentacoordinate 
derivatives from this material. 
Genera11y, compounds (182-192) were stable crystalline 
materials which were easier to handle than the pentacoordinate 
products described in sections 1.1 to 1.5.. 	This was 
particularly true of the tetraoxyphosphorafleS (183-190) 
and can he attributed to the spirobicyclic structure of these 
compounds 
252 combined with the stabilising electronic effect 
of the electronegative oxygen atoms attached to phosphorus. 
253 
The considerable thermal stability demonstrated by (185) 
is particularly noteworthy. 	Decomposition occurred only 
after heating under reflux in tert-butylbenzefle for 48h 
whereupon 2-phenyl-1,3,2-diOXaPhOSPhOiafl oxide, 2-phenyl - 
'I , 3, 2 -dioxaphosphepan oxide and tetrahydrofuran were formed 










Sc he melO4 
By comparison, De'ath and Denney 254  were unable to 
isolate the pentacoordinate 1,3,2-dioxaphosphephans (193) 
at room temperature because of the ready formation of 
phosphine oxides and tetrahydrofuran. 




H 3  C 
The scope of the intermolecular reaction, with respect 
to the size of the new ring formed, was investigated by the 
preparation of the series of compounds (183-185). 	These 
were isolated as colourless crystalline solids each of which 
exhibited a single phosphorus resonance and the expected 
pattern of peaks in the 	spectrum. 	By contrast, when 
iminophosphorane (181) was reacted with 1,5-pentanediol a gum 
was obtained which exhibited one major (S_36.9 o-dichloro--
benzene) and two minor ( - 36. 3 and -36.5) phosphorus reson-
ances as well as the corresponding pattern of peaks in the 
-207-- 
13c spectrum (CDC1 3 , see page 143). 	Attempts to purify the 
gum by bulb-to-bulb distillation were unsuccessful but a 
satisfactory analysis was obtained consistent with the 
' empirical formula C 13H 19 0 4 P. In addition, a peak corresponding 
to this formula was observed in the mass spectrum. 
It was considered that there were three possible 
explanations that would account for the analytical and spectral 
data. (I) , that the extra peaks arose in the n,m.r. spectra 
because of a molecular property peculiar to the eight- 
membered ring pentacoordinate phosphorane (194) , for example, 
the presence of different rotamers; (ii) that the gum 
consisted of several different pentacoordinate phosphoranes 
including (194) but also the dimer (195), trimer, etc., which 
could be formed by intermolecular attack on an intermediate 
such as (196); this reaction would become statistically 
favoured as the size of the chain (HO-(CH 	increased; 
and (iii) that there existed in solution an equilibrium 
between monomeric (194), dimeric (195) and other higher 
forms. 
(OH ) — O 	 OCH-(CH)1 CH 2 jJ 






b,") (cH2)/ ,,O 	(195) 	N) 
L...Ph 




Resolution of this problem by the alternative synthesis 
of (194) from 2-phenyl--i,3..2-dioxaphOSPhOCafl was thwarted by 
the failure to obtain this reagent from the reaction of 
clichlorophenylphosphine with 1,5-pentanediol. 	Various other 
experiments were therefore devised in an attempt to resolve 
the problem. 
Firstly, an examination of 0.6 M, 0.3 M and 0.15 M 
solutions of the gum in 1,2-dichlorobenzene over a period of 
120 h at room temperature by 31P n.m.r. revealed that there 
was no significant change in peak areas either within or 
between samples. 	On the basis of these observations the 
third proposal was discounted. 
Secondly, a variable temperature 
31.  P n.m.r. study of 
the gum in 1 ç 2-dichlorobenzene showed that an apparent 
coalescence of peaks occurred as the temperature was raised 
to 120°C. 	This suggested the presence of several equili- 
brating rotamers. 	However, it is difficult to identify a 
high energy pseudorotational process within compound (194) 
which would account for this result especially since conform-
ational processes within eight-membered rings are of low 
energy. 255 	An alternative explanation of this observation 
is that it is caused by changes in peak chemical shifts with 
temperature which results in a fortuitous overlap of peaks. 
In a third experiment, to test the second proposed 
explanation, the preparation of (194) was attempted under 
conditions of high dilution which might be expected to 
favour monomer formation. 	Unfortunately, these experiments 
were frustrated by the insolubility of the iminophosphorane 
(181, see page 139, 9.1) and no significant results were 
obtained. 
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In a final attempt to find an explanation for the 
phenomena, (194) was prepared by the method of Trippett 
et at. 145 	An examination of the pentacoordinate phosphor- 
ane obtained under these conditions by 31P n.m.r. revealed 
that the peak positions remained unaltered but that the 
ratio of peaks was significantly changed (formerly 3044: 
9799, by this reaction 1259:8211). 	This result is at 
variance with the first explanation but supports the 
second; that the gum consisted of several different 
pentacoordinate phosphoranes including (194) but also the 
dimer (195) , trimer, etc. 	Corroboration of the second 
explanation was therefore sought by determining the molecular 
weight of the gum, which due to the presence of polymeric 
forms ought to be higher than 270. 	A single measurement 
gave the slightly high figure of 30 D, but given the limited 
accuracy of this technique no great significance can be 
attached to this result. 
In conclusion, the problem remains unresolved and 
awaits further work which should be directed towards the 
purification of the' crude reaction product since 	
13 C 
n.m.r. spectroscopy indicated contamination by 1,5-pentanediol. 
Molecular weight determinations may then give decisive results 
3.3 	Mechanism 
The proposed mechanism of the intermolecular iminophos-
phorane/alcohol reaction is shown in Scheme 105 and involves 
addition of the RXI-1 	unit across the P = N bond with 
formation of the intermediate (197). 	Attack from a second 
PY 11 	unit results in displacement of aniline and formation 
of the pentacoordinate l?hosphore (198). 
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No experimental evidence was obtained to support the 
intermediacy of (197) but Sanchez et al 
256  have recently 
demonstrated, in an analogous system, that compound (200) 
is formed by displacement of aniline from (199) as shown 











(197) O) 	PhNH 







>r0,, ,.,. NHPh p r OH 







The driving force for the intermolecular reaction is 
presumably derived from the small-ring effect since the 
acyclic iminophosphorane (201) failed to react with ethanol 
under the same conditions that led to the formation of 
(182) from (181) with methanol. 	However, the influence 
of the small-ring effect does not account for the fact that 
the unstrained cyclic iminophosphorane (202) reacted with 
1,2-ethanediol to form (185) and (183) but failed to react 
with 1,4-butanediol. 	Further studies are obviously required 
to identify the role which other factors play in the inter-









It has been demonstrated that iminophosphoranes will 
react with alcohols to form peritacoordinate phosphoranes and 
that these reactions are facilitated by enclosure of the 
phosphorus atom of the iminophosphorane precursor within a 
small-ring. 	An interesting parallel can be drawn between 
this reaction and the formation of acetals from carbonyl 
compounds and diols (Scheme 107). 	The net effect of both 
these reactions is to bind the electron deficient atoms of 
6+ 	6- 	6+ 	6- the P = N and C = 0 double bonds to two oxygen atoms 






H0(0H 2 ) 20H 
R /0H —H 20 
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As with the intermolecular reaction discussed in 
sections 1.1 to 1.5 this synthetic method is complementary 
to the Trippett reaction. 	The same advantages and dis- 
advantages which were previously outlined on page 192 also 
apply and therefore need not be re-stated. 
These initial studies have also shown that the inter-
molecular reaction provides a useful method for phosphor -
anylating alcohols as exemplified by formation of the sugar 
derivative (190). 	However, due to limitations of time only 
a limited variety of the many possible combinations of 
functional groups which would potentially react with imino- 
phosphoranes have been used in this reaction. 	Consequently, 
further detailed studies are required to elucidate the 
synthetic utility of, and the factors controlling, this route 
to pentacoordinate phosphoranes. 
CH t 






4. 	Variable temperature n.m.r. studies of_oxazaphc'sphcranes 
The occurrence of pseudorotational processes in molecules. 
(132) and (147) was demonstrated by variable temperature H-
and 	n.m.r. spectroscopy. 	The oxazap1iosphoranes derived 
from dimethyl phenyiphosphonite were chosen for study because 
the two-site exchange process involving equi].ibrtion of 
apical and equaL- orial methoxyl ligands can be followed 
easily by I H n.m.r. , thereby allowing neasureriiet of 
coalescence temperatures and calculation of 
:) 




1JL) 	 Rn 
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The 'H n.in.r. spectrum of this compound at 28 °C 
indicated that pseudorotation was unhindered since the 
methoxyl protons appeared as a single phosphorus coupled 
doublet (Figure 3). 	As the temperature was lowered the 
equivalence of these groups was lost and at the coalescence 
temperature, -24 °C, they appeared as a broad mound. 	0r 
lowering the temperature still further, pseudorotation became 
slow on the n.m.r. time scale and the methoxyl signals 
appeared as two distinct doublets. 	The lower field doublet 
was considered to be due to the equatorial methoxyl group, 
PH = 14 Hz, whilst the higher field doublet, with the 
reduced coupling constant of 10 Hz, was ascribed to the 
apical methoxyl group since it is further from and hence 
interacts less strongly with the phosphorus atom. 200 
..-OMe'_Q..Ph __ 
° OMe 	NOMe' 
	
OMe 	 OMe' 	 Ph 
(132a) 	(132b) 	1/ (1320 
NH 
I 	..O' I..-Ph 	 Me 
N—P  'z— U PI 	I Ph 
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There are several pathways which could account for the 
equilibration of the two methoxyJ. groups betwen apical and 
equatorial positions in molecule (132) . 	However, the 
restrictions imposed by ring strain and relative apico--
philicities (see Introduction pages 41-47) suggest that only  
one pathway between isomers (132a) and (132e) need be 
considered and this is outlined in Scheme 103. 
The high energy points of the above process correspond 
to isomers b, c and d which possess either a nitrogen atom 
or phenyl group in an apical position. 	The free energy ci 
1 
activation for this process was calculated to be 50 ± 1 kJ mel 
by a combination of a simplified Gutowsky--Holm equation 235 
and the Eyrinq equation. 236 






The variable temperature n.m.r. spectra of this molecule 
proved more complex than the foregoing example. 	Thus, 
n.m. r. spectrum at -62 °C showed two peaks of approximately 
equal intensity at- 6;-43.4 and -46.5 (Figure 4) . 	Likewise, 
the 'H n.m. r. spectrum showed two distinct sp 3 (OCFIPh) signals 
and two sets of a and e meI:.hoxyi signals at -75 °C (Figure 5 1, 
This data is consistent with the presence ok approximaLe.Ly 
equally populated d:i astereoi.some;r:Lc forms (203) and (204) 
/ 1 
J - 


















7 C I 
E 
, —Iv - ; 	 rbflv 	 .r . rt.nrrT_t:.1..rrrri - .—.— . y —rrrrrfl — 	 fl. 
in whi-:th the 5--phenyl arid 2'-phanyi groups adopt ci. ther svn 
or anti qeo;re:iV - 	As a reu slt the 1i0s)?horus flU.C.LeUS 
experiences two different magnetic eflVirCflfl1efltS and two peai-s 
are observed in the 
Jlp  n.m. r. spectrum. - The same arcj Lim ent 
3. also applies to the II signals described above 
As the temperature was raised the phosphorus signals 
coalesced (Figure 
at 6 -44.8 	T 
C 






0 ±25 C a single peak was observec 
judged to occur at --25 °C from which AG 
SC) + 	
-1 
.L J mol . 	An analogous pathway 
to that described in section 4. -1 , which effectively allows nter-
conversion of the diastereoisomers (203) and (204) resulting in 
magnetic equivalence of the phosphorus nuclei at +25 0C, is shown 
in Scheme 109 
I 	I n 	 Ii 
Ph OM '  ° Ph 










A o exrnination cf thc 	n.m. r. spectrum showed that the 
]pthc:vi. s cjnalE coalesced as the temperature was raised, but 
'i could not be accurately detercidne.d due to overlap with the 
C 	 - 
ring riethylene sicina].s 	However, col:Les(;cnce of the 
sr i3 (OCUPh) protons, which can occur by the same process 
(;Cherne 
 
).09) , is Ccr1 observed as sho 	in Fiqu.te S. 
219- 
OMe Ph0 ) 1 
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(_ai culation of the D_  
50 	
neccj' oJ: ct.ivatior. qave a value of 
± 1 k] mol 1 which is in qo 	agreement with thaF derived 
from the 	a • in • r. spec::ca.. 
In contrast to that of (132) , the 1H n.m. r. spectrum of 
(147) at +2 °C revealed that the rieLhoxy3. groups did not 
equiiibrate completely by interclianqe be Lweeli the a and e 
pos:Ltlor)s. 	Instead wo disti.ricL doublets of approximately 
equal intensity were observed, which collapsed to singlets 
upon irradiation at a single frequency. 	It was apparent 
from the positions of these two signals that they were located 
in the averaged positions of the pairs of a and c signals 
observed at -75 °C (Figure 5). 	An explanation of the origin 
of this phenomenon is provided by reference to Scheme 109. 
Thus, OMe' which is syn to the 5--ohenyl group in (203) cannot 
he placed anti to this group by this exchange process. 	The 
only means by which complete equilibration of these groups can 
be achieved is via an intermediate such as (205) in which the 
1ive-mernbered ring assumes diequatorial placement (Scheme 110) 
but this process is unlikely owing to ring strain imposed by 
the 1200 angle at phosphorust 	Experimentally, no coalescence 
as oscrved by 	 35°C c,., the    
in diohenyl ether thereby giving a calculated minimum L\G* of 
88 kJinol 1 for this orocess. 	It is worth noting that 
r 1  Tt1onS of free energy values for pseudorotation processes 
involving Jiequtoriei. placement of a. five-membered ring in 
rlate•d structulos iavc ticaUy yielded values of 
-3  
93.6 ± 0. kJ mmull(Scnem 3 	
257 and  .e 11) 	97.4 	2.7 kJ mol
- 
(Scheme 11) 258 
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5. 	Attempted synthesis and isolation _of a chiral inonocyclic 
Preamble 
The study of the stereochemical course of reactions of a 
monocyclic pentacoordinate phosphorane of specific con.figurtioii 
at phosphorus could lead to significant advances in the elucid-
ation of reaction mechanisms at penta- and possibly hexa-
coordinate phosphorus. 	To date there has been no report of the 
isolation of such a compound, which is not surprising given the 
ease with which most pentacoordinate phosphoranes can undergo 
racemisation by ligand reorganisation. 	The precedinq variable 
temperature n.m.r. studies of compound (147) serve to illustrate 
such a situation. 
Although the diastereoisomeric compounds (203) and (204) 
are both chiral at low temperature they undergo racernisation at 
higher tempc-ratures, probably via a pseudorotation process 
as shown in Scheme 109. 	Nonetheless, it was apparent from 
these studies that a pentacoordinate phosphorane of this 
type might be devised in which pseudorotational processes 
could he restricted so as to allow chirality at phosphorus 
to prevail at room temperature. 	The key observation which 
led to this conclusion was that although the rnet}ioxyl 'groups 
interchanged between a and e sites at room temperature they 
did not, on the n.m.r. time scale, alter their geometry 
re±ative to the 5-phenyl group. 	This phenomenon was 
attributed to the high energy barrier involved in the 
unfavourable diequatorial placement of the fivemembered 
ring which effectively restricts interchange of the 
equatorial groups 	It followed that if a further 
restriction was imposed on the exchange of a and 	qrou'ps , by 
-222- 
replacement of a single methoxyl group with a goup of 
relatively lower apicophilicity, for example alkyl or aryl 
(see Figure 1. page 45) , then an essentially 'frozen' pen'.- _a-coordinate 
phosphorane would be obtained. 	Support for this 
proposal is prove by the observation of a ?0CH 3 phosphorus 
hydrogen coupling constant of J, = 10 Hz in the £H  n.m.r. 
spectrum of (148) at 28 °C, indicating that the xnethoxyl grour 
is located in an apical position. 	Moreover, previous work 
in thi s laboratory has culminated in the preparation, by 
reaction of (+) -sec-butyl rnethylphenylphosphinite with 
2-tert--phenyl 2-na.trophenyl ether in boiling cumene 
(Scheme 113) , of the non--- interconvertible chiral diastereo- 
isomers (206) and (207) 259 	Unfortunately, separation of- 
these compounds could not he achieved by fractional crystall--
isation and attempts to separate them by chromatography were 
frustrated by hydrolysis. 	In view of the ease and flexibility 
offered by the lazide. route' to pentacoordinate phosphc:ranes 
it was decided to firstly, establish the validity of the above 
propositions, and secondly, to attempt the synthesis and 
isolati on of a chiral monccyclic pentacoordinate phosphorarie. 
7= _(o -- 
O ' 2 
PR1 R 2OR3 
I) rk \ 
But 	R 
Lff (206) 






3 R =c+i—sec—Bu 
Schcine 113 
-223-- 
5.1 	React-ion ofracemic2-azidO-lheriyi-l-ethafl0l 
with racjem.Lc phosr!ites 
Encouragement for the aforementioned approach was 
31 
obtained from initial 	n.m.r, studies of the reaction 
of 2-azido--i-pheny i-i--ethanol with methyl phenyl-m-tolyl-- 
phosphinite which showed the formation of two pentacoordinate 
phosphoranes in approximately equal amounts at 6 -42.10 and 
-42.26. 	These signals were assigned La the racemic 
diastereoisor1ers (208) and (209), the observation of which 
implied that their interconversion was slow on the n.m.r. 
time scale. 	Even so, it was considered that these compounds 
were structurally too similar, as reflected by the very small 
difference in 	P chemical shifts, to facilitate diastereo- 
isomer separation. 	The phosphinite precursor was therefore 
modi fled such that when methyl l-naphthylphenylphosph mite was 
reacted with 2-az ida- 1-pheny 1-1-ethanol two racemic penta-
coordinate phosphoranes (210) and (211) were again observed 
in approximately equal amounts, but in this instance the 
d.ffe.rence in chemical shift was much larger, 6 -4O7 and 
On cooling the reaction mixture to -10 °C, the latter 
product crystalllsed from solution completely free of the 
other isomer. 	The more soluble diastereoisomer could not be 
isoiatd 	
13 but 	C n.m.r. spectra of the isolated isomer and or 
the crude reaction mixture provided supporting evidence that the 
major products of reaction of the azido compound with methyl 




Thus, phosphorus coupled C resonances were oberved 
corresponding to the POOH 3 group and the two ring carbon 
atoms of each diastereoisomer (see page 125) 
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Examination of the isolated diastereoisomer by 
n.m.r. in deuterochloroforrn over 50 h at 28°C showed that 
no detectable stereomutation to the other isomer occurred. 
Unfortunately, attempts to observe interconversion at 120 °C 
in dichlorohenzene were frustrated by decomposition. 
Nonetheless, the stability of the compound towards stereomutation 
at 28°C and its ease of isolation provided, sufficient encour--
aeicienL to justify the synthesis of a single enalitiorner of the 
azido compound and to react it with a racemic phosphinite in 




racerncjSDh in i tes 
(S),(+)_2Azido-i-pheny1-1-ethan01 (212) was prepared 
in three steps from (S)-(±)-mandeiic acid as shown in 
Scheme 114. 	As before reaction with racemic methyl 
1_naplithyiphertyiphOSphiflite gave two pen tacoordin ate phos- 
phoranes (210a) and (211a) as indicated by 31P n.m.r. 	In 
the diastereoisomers could 
the reaction mixture or 
solvents. 	This failure to 
indicated that a mixed 
the racemic reaction mixture 
only a single enantiomer was 
this case, however, neither of 
be induced to crystallise from 
from a range of pure and mixed 
obtain a single diastereoisome 
crystal had been isolated from 
which could not be formed when 
presen b. 
LIAIHI, 	(+) 
PhCH—CO, 	__ PhCH-'CH 2OH 
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60--62 °c 	339.137350 
339. 138808 
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As a consequence of this failure to isolate a chiral 
monocyclic pentacoordinabe phosphorane from the mixture of 
diastereoisomers (210a) and (211a) , bvo other racemic phos-
phinites were reacted with the chiral azido compound as 
recorded in Table 8. 	In each case a crystalline product was 
obtained but these proved to be too hydrolyticaily unstable 
to be isolated in a pure form. 	Moreover, no diastereoisomer 
enrichment could be detected by 
31P n.m.r. upon crystallisation 
of the crude mixture. 
In summary, this attempt to prepare and isolate a chiral 
monocyclic pentacoordinate phosphorane by the reaction of 
(S)-(±)-2-azido-l-phenyl-l-ethaflO1 with racemic phosphinites 
resulted in failure. 	One notable result of this study, 
however, is the observation that the isolated racemic 
diastereoisomer (210) or (211) was stable towards stereo-
m.itation at 28 
o  C. 260 This confirms that, in molecules of 
this type, the original proposals concerning the restriction 
of pseudorotational processes are correct. 
-228- 
As in earlier studies aimed at preparing a chiral 
monocyclic pentacoordinate phosphorane 259 the strategy 
failed in the final step, involving separation of the 
diastereoisomers. 	A possible solution to this problem 
is to use a chiral phosphinite in the synthesis and hence 
obtain a single diastereoisomer only. 	In this connection 
Omelancuk and Mikolajczyk261 have recently reported the 
first stereospecific synthesis of the chiral phosphinite 
(213) with an estimated optical purity of 65%. 	It seems 
likely that the isolation of a chiral rnonocyclic penta-
coordinate phosphorane might be facilitated by reacting 
this compound with (S)-(+)-2-azido-l-phenyl-1--ethanol since 
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1. HoiyS I c of selected_pen Lacoordinate_oxazasphoranes 
As part of a continuing study by Cadogan et a. 242 ' 262 
involving the hydrolysis of 3-aryl-1,3,2-benzoxazaphospholi.fles 
(214) selected examples of the related 3-unsubstituted Compounds 
(133) , (145) , (147) , (130) and (131) were hydrolysed under acid 
ata1ysed conditions. 	It was found that in each case the 
reaction proceeded rapidly at room temperature with the loss of 
methanol or ethanol to give very high yields (>95) of the 
cor:cesponding phosphinamidates (121) , (215) and (216) and 
phosphoramidates (217) and (218) . 	The former results accord 
with both the observations in the 3-aryl series, 
242  and with 
those of Steamann et 
a. 263 




(12 ̀ 1 ) R=Ph 
(2 17) P=O 'MI e 
(218) R=OEt 
231 
A satisfactory account for the above results is 
provided by the hydrolysis mechanism proposed by Cadogan 
et at. 242 which is shown in Scheme 115. 	This involves 
endocyclic cleavage of the phosphorus oxygen bond followed 
by attack of water at the phosphonium centre to give the 
intermediate (219) which, upon elimination of an alcohol, 
yields the phosphi.nic or phosphoric amides (121, 215-218). 
Interestingly, Cadogan et al. 
242 postulated the inter-
mediacy of phosphoramidate (221) in the hydrolysis of the 
3-mesityl derivative (220) but only isolated the cyclic 
monoester (222) as the final product of the reaction 
(Scheme 116). 	This result contrasts with the isolation of 
phosphoramidates (217) and (218) from the acidic hydrolysis 
of (130) and (131). 	This difference in behaviour may be 
a consequence of employing different reaction conditions in 
the hydrolyses. 
t...OMe H P . 
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2. 	Phosphatriazene studies 
Mosby and Silva9 have noted that the general conditions 
for stabilising a phosphatriazene (3) are that R' should be 
electron withdrawing, whilst R should be an electron donor. 
R'-N=N-N=P R 3 
(3) 
On this basis it might be expected that the adducts 
formed from o-azidophenyl benzoate, o-azidophenyi tosylate 
and N-(o-azi.dophenyl)--phthalimide with triphenyl phosphine 
would be more stable relative to that from o-azidophenol 
due to the electron withdrawing effect of the o-substituent.s. 
Surprisingly this proved not to be the case and all the 
former adducts were found to decompose spontaneously at room 
temperature to give iminophosphoranes and nitrogen whereas 
the latter adduct from o-azidophenol could be isolated as a 
pale yellow crystalline solid. 	A plausible explanation 
for this anomalous behaviour may be in the additional 
stabilisation provided by intramolecular hydrogen-bonding, 
for example ('223) and (224). 	A similar effect has been 
proposed to account for the unusual stability of the adduct 
(10)' (see Introduction page 5). 
cIlN:H + 




N = N / 
(224) 
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3. 	Intramolecular carbonyl-iminohosphorane reactions 
As noted in the Introduction (page 25) Leyshon and 
Saunders 62  have demonstrated that 2-substituted benzoxazoies 
can be prepared by the reaction of o-azidophenyl benzoate 
with phosphites. 	They proposed that the reaction proceeded 
via the intermediacy of an iminophosphorane. 	In this study, 
an iminophosphorane was isolated from the reaction of 
o-azidophenyl benzoate with triphenylphosphine and character-
ised as (225), which in solution reacted further to give 
2-phenylhenzoxazole and triphenyiphosphine oxide in 68 and 46 
yield, respectively. 	Thus, the path of this reaction has now 
been clearly demonstrated and is shown in Scheme 117. 
D.0 OP h 
O.CO.Ph CCN Ca"', NFPh 
FPh 3 
(225) 
1 	'> Ph 
OPPh 3 
Schemell7 
It was further observed, by 
31P n.m.r. that during cne 
course of the reaction an intermediate appeared at 6 -58.0. 
An interesting but speculative assignment for this resonance 
is' the pentacoordinate phosphorane (226) which would result 
from a 2±2 cycloaddition of the C0 and P=N bonds. 
-234- 
Ph 
- 	 I 	
.. .
. Ph 
\ / N_Fph 
Hh 
(226) 
Although there are several reports in the literature 
concerning intramolecular reactions of an aldehyde, ketone 
or ester carbonyl group with iminophosphoranes (see 
Introduction pages 25-28) there has been no report of an 
	
analogous reaction with an amide. 264 	Therefore, a short 
study was made of the thermal reactions of iminophosphoranes 













It was found that (227) and (228) slowly decomposed 
when heated under refiux in tert-butylbenzene to give 
11H.isoindolo[2,1-a]benzimidaZOi-11- Ofle (231) in 65 and 66% 
yield, respectively, and the corresponding phosphine oxide 
and phosphate. 	A similar thermolysis of (229) in tert- 
butylbenzene gave 2-phenyl-henzimidaZole in 63% yield together 
with triphenylphosphifle oxide 	However, thermolys is of 
-235-- 
(230) in boiling chlorobenzene gave only the phsphoramidate 
(232), presumably via migration of a methyl group from oxygen 
247 to nitrogen. 
NHCO.Fh N 	 0 
i "-;:: I cj~ r'tl' 	0 I11N .$(0Me 
Me We 
(231) 	 (232) 
From these results it is clear that the intermolecular 
amide--carbonyl/iminophosphorane reaction is feasible and 
moreover that it is preferable to employ phosphine rather 
than phosphite derivatives in order to avoid alternative 
reactions. 
4. 	Reaction of 2,2-di_(dimethylamino)-benzoxazaphosphole 
with dimethyl acetylene dicarboxylate 
There have been several reports recently of the reaction 
of cyclic iminophosphoranes with ketones, 
45  diphenylketene,  46  
isocyanates, 47 and isothiocyanates, 48 leading to the formation 
of pentacoordinate adducts. 	These reactions are significant 
because they lend support to the conclusion by FrØyen 44 that 
the C=0 or C=S/P=N reaction proceeds via the intermediacy of 
a pentacoordinate phosphorane. 
-236- 
I 
To test the hypothesis that a pentacoordinate inter-
mediate is involved in the iminophosphorane/acetylene 
reaction 
49  the cyclic iminophosphorane (117) was reacted 
with dimethyl acetylene dicarboxylate at room temperature 
and the reaction monitored by 31P n.m.r. 	No pentacoordinate 
intermediate was detected but the reaction proceeded smoothly 
(233) 






The structure of (233) was established principally on 
the basis of 	C n.m.r. data. 	Thus, distinctive resonances 
were observed at 6 c 
 37.1 (d, N(CH3)2, 1pc4Hz), 49.9(s,002CH3), 
51.9(s,CO 2CH 3 ), 61.4(d,P=C,Jpc1781-Iz), 159.5(d,CNiJp4HZ)i 
and 167.1 168.0 168.8 (2 x CO 2 Me). 	Chemical evidence in 
support of this structure was provided by the ready formation 
of the phosphdnium salt (234) upon treatment of (233) with 
hydrogen chloride. 	In addition the ylide could be regenerated 
by the addition of triethylamine to a solution of (234). 
to give the novel stabilised ylide 
O\ ,,,NMe 2 
NMe 2 





XC 02  Me 
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J.C.S. CHEM. COMM., 1978 
Phosphorus -containing Heterocycles from Phosphorus(iii) Reagents and 
ortho-Azidoaromatjc Compounds: Synthesis of 2,2-Di(dimethylamino)- 
1,3,2 -benzoxazaphosphole and Various 2,3 -Dihydro -1,3,2 -benzoxazaphosph(v)oles 
By J. I. G. CADOGAN,*  NEVIN J. STEWART, and NEIL J. TWEDDLE 
(Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ) 
Summary o-Azidophenol reacts with methyl diphenyl-
phosphinite to give the amino (oxy)phosphorane, 2-
methoxy-2,2-diphenyl-2, 3-dihydro- 1,3,2-benzoxazaphos-
ph(v)ole (1; 90%), which is also produced (55%) from 
o-aminophenol, the phosphinite, and N-chlorodi-iso-
propylamine; o-azidophenyl benzoate reacts with hexa-
methylphosphorous triamide to give 2,2-di(dimethyl-
amino)-1,3,2-benzoxazaphosphole (2; 76%) and NN-
dimethylbenzamide. 
ORGANIC azides react readily with organophosphorus(iu) 
reagents to give the corresponding imines' [e.g., equation 
(1)]. We now report the adaptation of this reaction to 
(EtO),P + PhN3 —I'. (EtO),P=NPh 	 (1) 
provide a simple, and mild, route to the amino(oxy)phos-
phorane system (1). Thus, addition under nitrogen of 
o-azidophenol (475 mmol) in dry light petroleum (13 ml, 
b.p. 40-60 °C) to methyl diphenyiphosphinite (48 mmol) 
in the same solvent (5 ml) at 0 °C led to evolution of nitrogen 
with precipitation of 2-methoxy-2,2-diphenyl-2, 3-dihydro-
1,3,2-benzoxazaphosph(v)ole (II) as a colourless solid [90%, 
m.p. > 240 °C (decomp.)]. The material had correct 
elemental analysis and the expected n.m.r. spectra: 31 
(CDC],) 8 (positive to high frequency) —360 p.p.m.; 1 11 
(CDC1,) 6, 298 [d, 3H, J("P-H) 11 Hz, POMe], 486 [d, 
1H, J(31P-H) 2011z, NH], 645-6-80 (m, 411, ArH), 
720-7-45 (m, 6H, ArH), and 760-790 (m, 4H, Ar-o-H of 
-PPh2). The structure was confirmed by an alternative 
synthesis (55% yield) from o-aminophenol, methyl diphenyl-
phosphinite, and N-chlorodi-isopropylamine in an analogue 
of a synthesis of oxaphosph(v)oles. 2 Trirnethyl and 
triethyl phosphites and dimethyl phenyiphosphonite simi-
larly reacted with o-azidophenol, to give the corresponding 
oxazaphosph(v) oles, 31P n.m.r. measurements indicating 
almost quantitative conversions ("P 8, - 52'3, - 539, and 
—398p.p.m. respectively). Reaction as in Scheme 1 
is suggested. 
We also report a related novel synthesis of the 1,3,2-
benzoxazaphosphole system (2). Addition under dry nitro-
gen of hexamethylphosphorous triamide (2.15 mmol) in 
super-dry cyclohexane (5 ml) to o-azidophenyl benzoate 
(1•99 mmol) in dry cyclohexane at 20 °C led to the precipita-
tion of the triazene [(3; X = NMe,); 94%; m.p. >95°C 
J.C.S. CHEM. COMM., 1978 
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(7oH I 	(OH 	 +(EtO) 3 P0 
















SCHEME 1. 1, PhPOMe, -Ne. 	
- 
(decomp.), correct elemental analysis and expected 'H n.m.r. 
data; "P n.m.r., 8 +424 p.p.m.]. In a replicate experi-
ment the triazene was not isolated but the mixture was 
boiled under reflux (80 °C) for 24 h when crystalline 2,2-di-
(dimethylamino)- 1, 3,2-benzoxazaphosphole (2; m.p. 174-
177 °C) was collected (75%). Chromatography of the 
mother liquors gave NN-dimethylbenzamide (86%). Com-
pound (2) had the correct analysis and expected n.m.r. 
spectra: 31p, 8 +680; 'H (CDC1,), 8 271 [d, 12H, PNMe,, 
J('iP-H) 11 Hz], and 6•38-660 (m, 1H, ArH) and 672-
696 (m, 3H, ArH). 
This reaction is noteworthy because the corresponding 
reaction of o-azidophenyl benzoate with triethyl phosphite 
O ,NMe2  /P(NMe2 )3C Me 	 j 2  
(2) 	
COPh 
SCHEME 2. i, X3P; ii, -Ns ; iii, -PhCONMe2 . 
gives 2-phenyl-1,3-benzoxazole in good yield [Scheme 2, 
step (a)]. 3 One possible explanation of the formation of the 
oxazaphosphole (2) is that it could be due to the high 
nucleophilicity of the nitrogen end of the P-N dipole (4) 
[step (b)] leading to reaction as in Scheme 2. 
(Received, 291h November 1977; Corn. 1225.) 
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By J. L G. CADOGAN, XAN GosNEy, ELIZABETH HENRY, THOMAS NAISBY, BARRY NAY, NEVIN J. STEwART, 
and NEIL J. TWEDDLE 
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Summary Bifunctional azido-compounds such as benzo. 	phenylhydrazone, trans-l.azido.2.hydroxycyclohexane, 
hydroximic azide, -azidobenzaldehyde 2,4-dibromo- 2-azido-1-phenylethanol, 2-azidobenzyl alcohol, o-azido- 
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TABLE aniline, and 	-azidoacetophenones react with a variety of 
Starting azide 	P 	Reagent 	 Product phosphorus(iii) reagents to give pentaco-ordinate amino- 
a (oxy)- and diamino(oxy)-phosphoranes. OH 
/°N 	 N0 PhP 	[cHJ 	 \I/ 0 ' 
)( 	
[cH],, 
WE report a synthesis of some new pentaco-ordinate 
phosphoranes by reaction of aliphatic bifunctional azides Ph 	N3 
H with organophosphorus(iii) reagents. 	The general reaction, 
Ar 
which proceeds via the formation of the iminophosphorane 
function followed by intramolecular cyclisation via addition 
b to the P=N group (Scheme), is exemplified as follows: 
addition of benzohydroximic azide (308 mmd) in ether to N 	 /O\ 	 N\ /0) 
I 	
PhP 	 N 
Ph 	N3 "0) 	)L N/I'O 
2-phenyl-1,3,2-dioxaphospholan 	(3.27 mmol) 	in ether at 
room temperature under nitrogen, followed by removal of 
H 	Ph 
	
OH 	 0 
LJ N3 Ph 2P0Me 	 )r(Ph 	
C 
H Me 
  ,..-ZH C
ZH+ PLL2 L3 —N- 
N 0 Ph 'NL2 N3 	 NP11 L2L3 	H 
C  OH 0 d PhP\/) aN\ 1\  
SCHEME 
H 
solvent after 	24h 	gave 	2,2-ethylenedioxy-2-phenyl-2, 3- 
dihydro-4-phenyl..1,3,5,2..oxadiazaphosph(v)ole (1; n = 2; 
Ph 	OH 
Ph 
91%; Table, footnote a).t 	Further phosphoranes similarly 
Ph 2POMe 	 / Ph 	
e produced are listed in the Table. 	That the reaction is 
capable of extension follows from our 	 obser- preliminary N3 	 Ph 
H OMe vation of 3'P resonances characteristic of phosphoranes 
(large negative shifts) in reactions of 	-azidoacetic acid, 
PhOH 	 Ph 	o 
Ph 	
P\ 
"'(N 	 TN 
o-azidoacetamide, and -azidopheny1acetic acid, with a wide 
series of cyclic and acyclic phosphorus(iii) reagents. 	The  /I general reaction is thus complementary to the reaction of 3 





Ph 	[CH2] 	 [CH2 
amino (oxy) phosphoranes.' 
The isolation of phosphoranes such as the 2,2-ethylene-
dioxy-2-phenyl-2,3-dihycjro-4-phenyl 1, 3,2-oxazaphosph(v)- 




2; Table, footnote oles (2; n = 	 g) from 2-azido-ketones and 








reaction2  of triphenylphosphine with the related azido- 
ketones, e.g. 	-azidoacetophenone, does not give an isolable 
phosphorane; reaction at high temperature gives instead 
N3 "0 	 N 	I"o 1,4-diphenylpyrazine. 
H Ph 





2, 91%, m.p. 123-124 °C. 8 - 19•26 [all 8 refer to. 
81P (CDC12) p.p.m.]; n = 3, 97%, m.p. 109 °C, 6 - 3499, 
b Ar = 2,4-Br2 C6H5 ; 96%, m.p. 164-166 °C, 6 - 40•33. ° 61% 
m.p. 71-73 °C, 6 - 4467. d 60%, m.p. 37-39 °C. 6 - 4014. 
85%, m.p. 103-105 °C, & - 4256. 84%. m.p. 45-47 °C, 
S - 36•91. 5  (2); Ar = R = Ph. n = 2, 89%. m.p. 88 °C 
(decomp.), 8 - 297; Ar = R = Ph; H = 3, 96%. m.p. 94 °C 
(decomp.), 8 - 456; Ar = Ph, R = H, is = 2, 61%, m.p. 84-
86°C (decamp.), 6 - 254; Ar = Ph, R = H, n 3, 82%, m.p. 
87°C (decomp.), 8 - 411; Ar = p-BrC 6H4, R = H, n = 2. 
71%, m.p. 85°C (decomp.). 6— 253; Ar = p-BrC5H4, R H, 
n = 3. 85%, m.p. 105°C (decotnp.), 6 - 408; Ar = p-Me00 5 H4, 
R = H. n = 2. 73%. m.p. 99°C (decamp.). 8 - 256; Ar p.. 
Me005H4, R = H, n 3, 74%, m.p. 102 °C (decamp.), 
S - 412; Ar = PPhCeH4. R = H, n = 2. 85%, m.p. 105°C 
(decomp)., 6 - 255. h  81%, zn.p. 95-98 °C. 6 - 44•46. 1 72%, 
m.p. 137-141 °C. 8 - 3903. 
t All isolated pphoranes had the expected elemental analyses and mass spectra. 
M. Sanchez, J-F. Brazier. D. Honalla, A. Munoz, and R. Wolf, J.C.S. Chem. Comm., 1976, 730. 
E. Zbiral and J. StrSh, Ansalen, 1969, 727. 231. 
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A Simple, One-flask Synthesis of Pentaco -ordinate Phosphoranes 
By J. I. G. CADOGAN,*  NEVIN J. STEWART, and NEIL J. TWEDDLE 
(Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ) 
Summary In a synthesis capable of extension, 2-phenyl-
1,3,2-dioxaphospholan reacts at room temperature with 
phenyl azide followed by diols, o-dihydroxyarenes, or 
o-hydroxythiophenol to give phosphoranes (68-100%) 
including the first isolated phosphoranes containing 7- and 
8-membered alicyclic rings, i.e. 2,2-ethylenedioxy-2-
phenyl-1,3,2-dioxaphosph(v)epan and 2,2-ethylenedioxy-
2-phenyl-1,3,2-dioxaphosph(v)ocan. 
Wx here report a simple and convenient one-flask synthesis 
of pentaco-ordinate phosphoranes, e.g. (2), from tervalent 
phosphorus reagents, hydroxy-compounds, and azido-
benzene. 
We have observed'. 2 that vicinal- or o-azidohydroxy 
compounds, and related bifunctional azides react with 
phosphorus(m) reagents to give phosphoranes (e.g. Scheme 
in the preceding Communication') via intramolecular 
addition of the XO . .....H8+ unit across the imino-
phosphorane (P=N) bond. We argued therefore that 
analogous intermolecular addition should also occur 
[R,'P=NR' + R'OH -~ R,'P(OR')NHR'], and that further 
reaction via displacement of the amino group (R'NH) by 
R'OH should then lead to a new route to phosphoranes 
[R,'P(OR')NHR' + R'OH - R,'P(OR'),J. 
We now report the realisation of this expectation. Thus, 
reaction under nitrogen of 2-phenyl-1,3,2-dioxaphospholan 
(1) in dry dichioromethane with phenyl azide (1 mol equiv.) 
over 10 min at room temperature followed by rapid addition 
of catechol (1 mol equiv.) in ether gave a quantitative con-
version (by 81P n.m.r.) into the phosphorane (2h). Reac-
tion as in the Scheme is assumed. Removal of the solvent 
and aniline (78% recovery) at 005 mmHg, followed by 
crystallisation from ether afforded the pure phosphorane 
(7 1%), m.p. and mixed m.p. 113-115 °C ("P 6 - 14•32 
p.p.m.; CDC1,).t The seven phosphoranes (2a—g) were 
produced (68-100%) similarly. Of particular interest are 
the phosphoranes (2c) and (2d); the former (m.p. 70-72 °C; 
sip 6 —3015 p.p.m.; CDC13) is the first isolated alicyclic 
phosphorane containing a seven-membered ring' while the 
latter is the first isolated phosphorane containing an eight-
membered ring. Compound (2d), an oil with the expected 
13C n.m.r. spectrum and exact mass spectrum,t exhibits 
two UP resonances in CDC1, (8 —3614 and —3646 p.p.m.) 
Q•• 	+ PhN3 







0_P'000 PhNH2  
(2) 
(2)oX=_[CH2]2—  f;  x= 
b; X[CH2]3 
c;X—[CH2]4_ g;x= 
d ; X_H2J5_ 
= 
SCHEME 
which we attribute to the presence of two equilibrating 
conformers. In accordance with this a variable tempera-
ture n.m.r. experiment in o-dichlorobenzene led to coales-
cence to a single 31 resonance at 6 —3629 p.p.m. at 
Ca. 120°C. 
Also produced in this way is the monothio analogue of 
(2h) E74%;  m.p. 96-97 °C; "P 8 +473p.p.m.; CDC1,] 
from o-hydroxythiophenol. 
Preliminary experiments using 32P reveal that the reaction 
is capable of extension to produce less stable phosphoranes, 
e.g. by the use of ethanol, phenol, or o-aminophenol in 
place of the above diols or dihydroxybenzenes. 
(Received, 27th October 1978; Corn. 1153.) 
f All isolated phosphoranes had the expected elemental analysis and mass spectra. 
13.1. G. Cadogan, N. J. Stewart, and N. J. Tweddie, J.C.S. Chem. Comm.. 1978, 182. 
J. I. G. Cadogan, I. Gosney, E. Henry, B. Nay, T. Naisby, N. J. Stewart. and N. J. Tweddle, preceding communication. 
$ L. B. Littlefield and G. 0. Doak, Phosphorus and Sulfur, 1977. 3, 35; N. J. De'Ath and D. B. Denney, ibid., p. 51. 
-2 38- 
References 
AW. Johnson, 'Ylid Chemistry', Academic Press, London, 196 
G.W. Adamson and J.C.J. Bart, J.Chem.Soc.(A), 1970, 1452. 
8. 	V. Schornaker and D.P. Stevenson, J.Am.Chem.Soc., 1941, 
63, 37. 
4, 	H. Staudinger and J. Meyer, Helv.Chirn.ACta, 1919, 2, 635; 
H. Staudinger and E. Hauser, Helv.Chim.Acta, 1921, 4, 861. 
5. 	E. Bergmann and H.A. Wolff, Chem.Ber., 1930, 63, 1176. 
. 	G. Wittig and K. Schwarzenbach, Justus LiebiqsAnn.Chem., 
:1961, 650, 1. 
R.1J. Kroshefsky and J.G. Verkade, Inorg.Chem., 1975, 
14, 3090. 
K. Piigram, F. Gôrgen, and G. Pollard, J.HeterocycbCem., 
1971, 8, 951. 
91 	'wt. Mosby and M.L. Silva, J.Chem.Soc., 1965, 1003. 
10. 	J.E. Franz and C. Osuch, Tetrahedron Lett., 1963, 841. 
Ii. 6oldwhite, P. Gysegem, S. Schow, and C. Swyke, 
JChern.Soc., Dalton Trans., 1975, 16. 
i. I2.. 	H. Eock and M. Schnöller, Angew.Chem.,Int.Ed.Eflg].., 
)96), 7, 636; H. Bock 'and M. Schnôller, Chern.Ber., 
1969, 102, 38. 
J.S. Thayer and R. West, Inorg.Chem., 1964, 3, 406. 
J.E. Left]er and R.D. Temple, J.Am.Chem.Soc., 1967, 
89, 5235. 
L. Homer and A. Gross, Justus Liehigs Ann.Chem., 
1955, 591, 117. 
-239- 
J. Goerdeler and H. Ullmann, Chern.Ber., 191, 94, 1067. 
J.E. Leffler and Y. Tsuno, J.Org .Chern., 1963, 28, 902. 
V.A. Shokol, G.A. Golik, and G.I. Derkach, Zh.Obshch.Khirn., 
1971, 41, 545; Chem.Abs., 1971, 75, 49226. 
H. Schrnidbauer and W. Wolfsberger, Chem.l3er., 1968, 101, 
1664. 
J. Bellan, J.-F. Brazier, N. Zenati, and M. Sanchez, 
C.R.Acad.Sc.Paris, Serie C, 1979, 289, 449. 
F. Mann and E.J. Chaplin, J.Chern.Soc., 1937, 527. 
A.V. Kirsanov, A.S. Shtepanek, and V.I. Shevchenko, 
Dopovidi Akad. Nauk Ukr.RSR, 1962, 1, 63; Chem.Abs.., 
1962, 57, 11229, 
23, 	A.V. Kirsanov, Co11og.Int.Cent.Nat.RechSci., 1970, 
No. 182,241. 
H.A. Klein and H.P. Latscha, Z.Anorg.Allg.Chem., 
1974, 406, 214. 
R. Appel, Angew.Chem.Int.Ed.Engl., 1975, 14, 801. 
R.F. Hudson, R.J.G. Searle, and F.H. Devitt, J.Chem.Soc. (C), 
1966, 1001. 
E. Ciganek, J.Org .Chem., 1970, 35, 3631. 
S. Trippett, J.Chem.Soc. ,Chem.Commun., 1966, 468. 
A.N. Pudovik, E.S. Batyeva, A.S. Selivanova, V.D. Nesterenko, 
and V.P. Finnik, Zh.Obshch.Khim., 1975, 45, 1692; Chem.Abs., 
1976, 84, 5064. 
A.N. Pudovik, F.S. Batyeva, and E.N. Ofitserov, 
Zh. Obshch.Khim., 1975, 45, 	2057; 	Chem.Abs., 1976, 	84, 	5051. 
T. Moeller and A. Vandi, J.Org .Chem., 1962, 27, 	3511. 
-240- 
A.S. Shtepanek, E.N. Tkachenko, and A.V. Kirsanov, 
Zh.Obshch,Khim., 1969, 39, 1475; Chenl.Abs., 1969, 71, 
113055. 	 I 
V.P. Kukhar, T.N. Kasheva, and E.S. Kozlov, J.Gen.Chem.USSR, 
1973, 43, 471; Chem.Abs., 1973, 79, 42389. 
V.P. Ku3thar and T.N. Kasheva, Zh.Obshch.Khim., 1976, 46, 
1462; Chem.Abs., 1976, 85, 192681. 
A. Schrnidpeter and W. Zeiss, Angew.Cheni.Int.Ed.Engi., 
1971, 10, 396. 
M.I. Kabachnik, N.A. Tikhonina, B.A. Korolev, and 
V.A. Gilyarov, Dolk.Akad.Nauk SSSR, 1972, 204, 1352; 
Chern.Abs., 1972, 77, 101767. 
N.A. Tikhonina, V.A. Gilyarov, and M.I. Kabachnik, 
Zh.Obshch.Khim., 1978, 48, 44; Chem.Abs., 1978, 88, 170042. 
H.B. Steggrnann and G. Bauer, Synthesis, 1973, 162. 
M.I. Kabachnik, V.A. Gilyarov, N.A. Tikhonina, AVE. Kalinin, 
V.G. Andrianov, Yu. T. Struchkov, and G.I. Tirnofeeva, 
Phosphorus, 1974, 5, 65. 
J.I.G. Cadogan, N.J. Stewart, and N.J. Tweddle, 
J.Chern.Soc., Chern.Cominun., 1978, 182. 
O.J. Scherer, W.Glassel, and R. Thalacker, J.Organomet. 
Chem., 1974, 70, 61. 
M.A. Pudovik, T.A. Pe3tova, and A.N. Pudovik, 
J.Gen.Chem.USSR, 1976, 46, 227; Chem.Abs., 1976, 84, 
135561. 
R.I. Tarasova, N.I. Sinitsyna, and T.V. Zykova, 
Deposited Doc., 1976, VINITI, 2072; Chern.Abs., 
1979, 90, 104058. 
-241- 
R. Appel and A. Hauss, Chem.Ber., 1960, 93, 405; 
R. Appel and A. Hauss, Z.Anorg.Ailg.Chelri.., 1961, 311, 290. 
A.W. Johnson and S.C.K. Wong, Caii.J.Chem., 1966, 44, 2793. 
P. FrØyen, Acta Chem.Scand., 1972, 26, 1777. 
A. Schmidpeter and T. von Criegen, Angew.Chem.Int.Ed.Eflgl., 
1978, 17, 55; W.S. Sheidrick, D. Schomburg, A. Schmidpeter, 
and T. von Criegen, Chern.Ber., 1980, 113, 55. 
A. Schmidpeter and T. von Criegen, Chem.Ber., 1978, 111, 
3747. 
A. Schmidpeter and T. von Criegen, J.Chem.Soc.,Chern.COrtUflU., 
1978, 470. 
A. Schmidpeter and T. von Criegen, Angew.Chem.Int.Ed.Efl., 
1978, 17, 443. 
G.W. Brown, R.C. Cookson, I.D.R. Stevens, T.C.W. Mak, 
and J. Trotter, Proceedings of the Chemical Society, 
1964, 87. 
G.W.Brown, J.Chern.Soc.(C), 1967, 2018. 
E. Ciganek, J.Org .Chem., 1970, 35, 3631. 
J.I.G. Cadogan, 'Organophosphorus Reagents in Organic 
Synthesis', Acadomic Press, London, 1979, 
F. Zbiral and J. Stroh, Justus Liebigs Ann.Chern., 
1969, 725, 29. 
A.V. Kirsanov and G.I. Derkach, Zh.Obsch.Khim., 1956, 26, 
2631; 	Chern.Abs., 1956, 51, 1821. 
G.I. Derkach, E.S. Gubnitskaya, V.A. Shokol, and 
A.V. Kirsariov, Zh.Obsch.Khim., 1962, 32, 1874; 
Chem.Abs. , 1963, 58, 6857. 
-242-- 
H.-J. Niclas and D. Martin, Tetrahedron, 1978, 34, 703. 
Y. Ittah, Y. Sasson, I. Shahak, S. Tsaroom, and J. Blum, 
J.Org .Chem., 1978, 43, 4271. 
J. Blum, I. Yona, S. Tsaroom, and Y. Sasson, J.org .Chem., 
1979 ; 44, 4178. 
I. Okada, K. Ichirnura, and R. Sudo, Bu11.ChernSoc.Jpn., 
1970, 43, 1185; Chem.Abs., 1970, 73, 25203. 
Y. Nomura, Y. Kikuchi, and Y. Takeuchi, Chemistry Letters, 
1974, 575. 
R.J. Scott, Ph.D. Thesis, University of Edinburgh, 1974, 
P. 179 . 
L.J. Leyshon and D.G. Saunders, J.Chem.Soc,Chem.CorrnTufl., 
1971, 1608. 
E. Zbi.rai, Tetrahedron Lett., 1966, 2005. 
J.I.G. Cadogan, R.J. Scott, R.D. Gee, and I. Gosney, 
J.Chem.Soc.,Perkin_Trans., 1, 1974, 1694. 
M. Pailer and E. Haslinger, Monatsh.Chem., 1970, 101, 
S.A. Foster, L.J. Leyshon, and D.G. Saunders, 
J Chem. Soc. ,Chem. Cornmun., 1973, 29. 
E.M. Briggs, G.W. Brown, W.T. Dawson, and J. Jirincy, 
J.Chem.Soc. ,Chem.Commun., 1975, 641. 
J. Ackreli, E. Caleazzi, J.M. Muchowski, and L. Tökes, 
Can.J.Chem., 1979, 57, 2696 and references therein. 
H. Zimnier and G. Singh, J.Org .Chem., 1963, 28, 483. 
D.E.C. Corbriclge, 'Phosphorus', Elsevier Scientific 
Publishing, Amsterdam, 1978, p.250. 
-243-- 
E.M. Briggs, G.W. Brown, J. Jirincy, and M.F. Meidine, 
Synthesis, 1980, 295. 
J. Zeernann, Z.Anorg.Allg.Chem., 1963, 324, 241. 
R.J. Gillespie and R.S. Nyhoim, Quat.Rev. (London), 
1957, 11, 	339. 
 R.J. Gillespie, Inorg.Chem., 	1966, 5, 	1634. 
 R.E. Rundle, J.Am.Chem.Soc., 	1963, 85, 	112. 
 R.E. Rundle, Record of Chern.Progress, 	1962, 	23, 	195. 
 L.S. Bartell, Inorg.Chern., 	1966, 	5, 1635. 
 B. Hoffmann, J.M. 	Howell, 	and E.L. Muettert:Les, 
J.Arn.Chem.Soc. , 1972, 94, 3047. 
K. Issleib, and W. Grundler, Theor.Chim.Acta, 1967, 
8, 70. 
A. Rauk, L.C. Allen, and K. Misiow, J.Am.Chem.Soc., 
1972, 94, 3035. 
W.S. Sheidrick, Top.Curr.Chem., 1978, 73, 1. 
K.W. Hansen, and L.S. Bartell, Inorg.Chem., 1965, 4, 
1775 and references therein. 
H. Wunderlich, Acta Crystal1o., 1974, B30, 939. 
I. Ucji, D. Marcjuarding, H. Klusacek, P. Gillespie, and 
F. Ramirez, Acc.Chern.Res., 1971, 4, 288. 
P. Gillespie, P. Hoffmann, H. Kiusacek, D. Marquarding, 
S. Pfohl, F. Ramirez, E.A. Tsolis, and I. Ugi, Angew.Chem., 
Int.Ed.Engl. , 1971, 10, 687. 
F. Ramirez and I. Ugi, Adv.Phys.Orq.Chem. , 1971, 9, 25. 
A. Strich and A. Veillard, J.Arn.Chem.Soc., 1973, 95, 5574. 
-244-- 
L.S. Bartell and K.W. Hansen, Inorg.Chem. , 1965, 4, 
1777. 
F.A. Cotton, J.Chem.Py., 1961, 35, 228. 
I. Ugi, D. Marquarding, H. Kiusacek, P. Gillespie, 
and F. Ramirez, Acc.Chem.Res., 1971, 4, 288. 
F. Ramirez and I. Ugi, Bull.Soc.Chirn.Fr., 1974, 453. 
P.C. Van der Voorn and R.S. Drago, J.Am.Chern.Soc., 
1966, 88, 3255. 
S.C. Peak and R. Schrnutzler, J.Chern.Soc. (A) , 1970, 1049. 
M.J.C. Hewson, S.C. Peake, and R. Schmutzler, 
J.Chern.Soc. ,Chem.Comrnun. , 1971, 1454. 
E.L. Muetterties, P. Meakin, and R. Hoffmann, J.Arn.Chem.Soc. 
1972, 94, 5674. 
H.S. Gutowsky, D.W. McCall and C.P. Slitcher, J.Chem.Phys., 
1953, 21, 279. 
H.S. Gutowsky and A. Liehr, J.Chem.Phys., 1952, 20, 1652. 
R.S. Berry, J.CIiem.Phys., 1960, 32, 933. 
G.M. Whitesides and H.L. Mitchell, J.Arn.Chern.Soc., 1969, 
91, 5384. 
F. Ramirez, G.V. Loewengart, E.A. Tsolis, and K. Tasaka, 
J.Arn.Chern.Soc., 1972 	94, 3531. 
P. Gillespie, F. Ramirez, I. Ugi, and D. Marquarding, 
Angew.Chem.Int.Ed.Engl., 1973, 12, 91. 
F. Ramirez, Acc.Chem.Res., 1968, 1, 168. 
S. Trippett, Phosphorus_Sulfur., 1976, 1, 89. 
A. Klaebe, M. Koenig, R. Wolf, and P.AhJ.berg, 
J.Chem.Soc. ,Dalton Trans., 1977, 570. 
R.R. Holmes and M. Fild, Inorg.Chem., 1971, 10, 1109. 
-245- 
H. Dreeskamp and K. Hildenbrand, Z.Naturforsch.,TeilB, 
1971, 26, 269; Chem.Abs., 1971, 75, 13230. 
E.L. i'4uetterties, W. Mahler, and R. Schmutzler, 
Inorg.Chern. 1963, 2, 613. 
H. Oberhammer and R. Schrnutzler, J.Chern.Soc.,Dalton Trans., 
1976, 1454. 
J.I.G. Cadogan, R.O. Gould, S.E.B. Gould, P.A. Sadler, 
S.J. Swire, and B.S. Tait, J.Chem.Soc.,Perkin Trans.1, 
1975, 2392. 
S.A. Bone, S. Trippett, and P.J. Whittle, J.Chern.Soc., 
Perkin Trans.l, 1977, 437. 
ill. 	V.A. Kukhtin, Dokl.Akad.Nauk SSSR, 1958, 121, 466; 
Chern.Abs., 1959, 53, 1105. 
F. Ramirez and N.B. Desai, J.Am.Chern.Soc., 1960, 82, 
2652. 
A. Munoz, B. Garriques, and R. Wolf, Phosphorus Sulfur, 
1978, 4, 47; 	Chern.Abs., 1978, 88, 202357. 
W. Zeiss, Angew.Chern.Int.Ed.Engl., 1976, 15, 555. 
Y. Ogata and M. Yamashita, J.Am.Chem.Soc., 1970, 92, 
4670. 
Y. Ogata and N. Yamashita, J.Org .Chem., 1971 : 36, 2584. 
G. Boekstein, W.G. Voncken, E.H.J.M. Jansen, and 
H.M. Buck, Recl.rrav.Chim.Pays-Bas, 1974, 93, 69. 
F. Ramirez, K. Tasaka, and R. I-Iershberg, Phosphorus, 
1972, 2, 41. 
D. Bernard and R. Burgada, Phosphorus, 1975, 5, 285. 
-246- 
I.M. Sidky and M.F. Zayed, Tetrahedron Lett., 
1971, 2313. 
M. W.teber and W.R. Hoos, Tetrahedron Lett., 1969, 4693. 
D.B. Denney, D.Z. Benney, and Y.F. Hsu, Phosphorus, 
1974, 4, 217. 
F. Ramirez, O.P. Madan, and S.R. Heller, J.Arn.Chem.Soc. 
1965, 87, 731. 
B.A. Arbuzov, Yu.Yu.Samitov, Yu.M.Mareev, and 
V.S. Vinogradova, Izv.Akad.Nauk SSSR, Ser.Khirn., 1977, 
2000; Chem.Abs., 1978, 88, 23055. 
F. Ramirez, J.F. Pilot, O.P. Madan, and C.P. Smith, 
J.Am.Chem.Soc., 1968, 90, 1275. 
G. Buono and G. Peiffer, Tetrahedron Lett., 1972, 149. 
V.V. Vasil'ev, N.A. Razumova, and L.N. Dogadaeva, 
Zh.Obshch.Khim., 1976, 46, 463; Chem.Abs., 1976, 85, 
I?i:IJ 
T. Saegusa, S. Kobayashi, and Y. Kimura, J.çhem.Soc., 
Chern.Commun., 1976, 443. 
J.A. Miller and D. Stewart, J.Chem.Soc.,Chem.Commun., 
1977, 156. 
B.A. Arbuzov, N.A. Polezhaeva, and V.S. Vinogradova, 
Izv.Akad.Nauk SSSR, Ser.Khim. , 1968, 2525; Chem.Abs. 
1969, 70, 87682. 
B.A. Arbuzov, N.A. Palezhaeva, V.S. Vinogradova, and 
Y.Y. Samitov, Izv.Akad.Nauk SSSR, Ser.Khim., 1967, 1605; 
Chem.Abs. , 1968, 68, 95766. 
-247- 
M. Willson, R. Burgada, and F. Mathis, C.FAc:ad.Sc.Paris, 
Serie C, 1975, 280, 225. 
K. Burger, J. Fehn, and E. Moll, Chem.l3er., 1971, 
104, 1826. 
K. Burger and S. Penninger, Synthesis, 1978, 526. 
E.E. Borisova, R.D. Gareev, T.A. Zyablikova, and 
I. Shermergorn, Zh.Obshch.Khim., 1975, 45, 238; 
Cheni.Abs. 1975, 82, 112131. 
R.D. Gareev, G.M. Loginova, and A.N. Pudovik 
Zh.Obsh ch.Khim., 1976, 46, 1906; Chern.Abs., 1976, 85, 
177553.. 
J.I.G. Cadogan, R.A. North, and A.G. Rowley, J.Chem.Res. (S 
1978, 1. 
F. Ramirez, C.P. Smith, J.F. Pilot, and A.S. Gulati, 
J.0rgChem., 1968, 33, 3787. 
J.A. Gibson, G.-V. Roschenthaler, K. Sauerbrey and 
R. Schmutzler, Chem.Ber., 1977, 110, 3214. 
D.B. Denney and H.M. Relles, J.Arn.Chem.Soc., 1964, 
86, 3897. 
Paul D. Bartlett, A.L. Baumstark, and M.E. Landis, 
J.Am.Chem.Soc. , 1973, 95, 6487. 	P.D. Bartlett, 
A.L. Baumstark, M.E. Landis and C.L. Lerinan, 
J.Am.Chem.Soc., 1974, 96, 5268. 
N.J. De'Ath and D.B. Denney, J.Chem.Soc.,Chcm.Comrnun., 
1972, 395. 
B.C. Campbell, D.B. Denney, D.Z. Denney, and L. Shang Shih, 
J.Chern. Soc. , Chem.Commun., 1978, 854. 
N.P. Grechkin, R.R. Shagidullin, and L.N. (rish.ina, 
Doki. Akad.Nauk SSSR, 1965, 161, 115; Chem.Ahs. 
1965, 62, 14478. 
-248- 
1 
1.45. S. Antczak, S.A. Bone, J. l3rieriy, and S. Trippett, 
J.Chern.Soc. ,Perkin Trans. 1, 1977, 278 7 
S. Singh, M. Swindles, S. Trippett, and R.E.L. Walding, 
J.Chern.Soc.,Perkin Trans.l, 1978, 1438. 
J.I.G. Cadogan, D.S.B. Grace, P.K.K. Lim, and B.S. Tait, 
J.Chem.Soc.,Chem.Commufl., 1972, 520. 
J.I.G. Cadogan, D.S.B. Grace, P.K.K. Lim, and B.S. Tait, 
J.Chem.Soc. ,Perkin Trans.1, 1975, 2376. 
J.I.G. Cadogan, R.O. Gould, and N.J. Tweddle, J.Chern.Soc., 
Chem.Cornrnun., 1975, 773. 
J.I.G. .Cadogan and N.J. Tweddle, J.Chern.Soc.,PerkinTrans.l, 
1979, 1278. 
J.I.G. Cadogan, R.O. Gould, S.E.B. Gould, P.A. Sadler, 
S.J. Swire 1 and B.S. Tait, J.Chem.Soc,Perkiri_Trans.1, 
1975, 2392. 
J. Wulff and R. Huisgen, Anqw.Chern.Int.EcLEngi., 1967, 
457. 
H.J. Bestrnann and R. Kunstrnann, Chern.Ber. , 1969, 102, 
1816. 
H. Schrnidbauerand P. Holl, Chern.Ber., 1976, 109, 3151. 
A. Turcant and M. Le Corre, Tetrahedron Letters, 1976, 
1277; 	1977, 789. 
E.P. Kyba and D.C. Alexander, J.Chem.Soc. ,Chern.,Commun. 
1977, 934. 
H. Sclirnidbauer and H. Stühler, Angew.Chern.Int.Ed.Eng1, 
1972, 11, 145. 
-249- 
H. Schmidbaucr, W. Buchner, and F.H. Köhler, 
J.Am.Chem.Soc., 1974, 96, 6208. 	- 
H. Schrnidbauer and P. I-loll, Z.Naturforsch., Tell B, 
1978, 33, 489; 	Chem.Abs., 1978, 89, 43631. 
A. Schmidpeter and W. Zeiss, personal communication 
to Professor J.I.G. Cadogan. 
T. Koizumi, Y. Watanabe, Y. Yoshida, and E. Yoshii, 
Tetrahedron Lett., 1974, 1075. 
A.R. Hands and A.J.H. Mercer, J.Chem.Soc. (C), 1967, 1099. 
G. Gaudiano, R. Mondelli, P.P. Ponti, C. Ticozzi, and 
A. UmaniRonchi, J.Org .Chern., 1968, 33, 4431. 
H.B. Stegmann, G. Bauer, E. Breitmaler, E. Herrmann, and 
K. Scheffler, Phosphorus, 1975, 5, 207. 
M. Sanchez, J.-F. Brazier, D. Houalla, A. Munoz, and 
R. Wolf, J.Chem.Soc.,Chem.Comrnun., 1976, 730.' 
V.P. Kukhar, E.V. Grishkun, and V.P. Rudavskii, Zh.Obshch. 
Khim., 1978, 48, 1424; Chem.Abs., 1978, 89, 109283. 
C. Bui Cong, A. Munoz, M. Sanchez, and A. Klaebe, 
Tetrahedron Lett., 1977, 1587. 
163. F. Ramirez, M. Nowakowski, and J.F. Marecek, J.Am.Chern.Soc.,. 
1977, 99, 4515 and references therein. 
A. Munoz, B. Garrigues, and M. Koenig, J.Chem.Soc.,Chem. 
Commun., 1978 ; 219. 
Y. Segall and I. Granoth, J.Am.Chem.Soc., 1978, 100, 5130. 
G. Wittig and M. Rieber, Justus Liebigs Ann.Chem., 
1949, 562, 187. 
-250- 
E.W. Turnblom and T.J. Katz, J.Am.Chein.Soc.,1971, 93, 
4065; 	1973, 95, 4292. 
D. Heliwinkel, Chem.Ber., 1969, 102, 528. 
H. Schrnidbauer, P. Hoil, and F.H. Kohler, Angew.Chern.Int. 
Ed.Engl., 1977, 10, 722. 
F. Ramirez, Synthesis, 1974, 90. 
F.H. Westheimer, Acc.Chem.Res., 1969, 1, 70. 
F. Covitz and F.H. Westheimer, J.Am.Chem.Soc., 1963, 85, 
1773. 
R.F. Hudson and C. Brown, Acc.Chem.Res., 1972, 5, 204. 
G. Aksnes and R. Eriksen, Acta Chem.Scand., 1966, 20, 2463. 
C. Brown, R.F. Hudson, V.T. Rice, and A.R. Thompson, 
J,Chem.Soc.,Chern.Commun., 1971, 1255. 
J. Mikolajczyk, J. Michalski, and A. Zwierzak, 
J.Chem.Soc.,Chem.Cornmun., 1971, 1257. 
R. Greenhaigh and R.F. Hudson, Phosphorus, 1972, 2, 1. 
D.W. Allen, B.G. Hutley, and A.C. Oades, J.Chem.Soc., 
Perkin Trans. 1, 1979, 2326. 
D.W. Allen and A.C. Oades, J.Chem.Soc.,Perkin Trans.1, 
1976, 2050. 
D.W. Allen, I.W. Nowell, A.C. Oades, and P.E. Walker, 
J.Chem.Soc.,Perkin_Trans.l, 1978, 98. 
C. Aksnes and K. Bergesen, Acta Chem.Scand.., 1965, 19, 931. 
G. Aksnes and K. Bergesen, Acta Chem.Scand., 1966, 20, 2508. 
R.J.P. Corrin, C. Guerin, and G. Guiraud, J.Chem.Soc., 
Chem.Cornmun. , 1978, 8. 
-251- 
189. J.E. 	Kilpatrick, K.S. 	Pitzer, 	and R. Spitzr, 
J.Ani.Chem.Soc., 	1947, 	69, 	2483. 
190. KL. 	Marsi, 	J.Am.Chem,Soc., 	1971, 93, 6341; 
K.L. 	Marsi, 	Phosphorus, 	1974, 	4, 211. 
191. F. 	Ramirez, A.V. 	Patwardhan, H.J. Kugler, and C.P. 	Smith, 
J.Am.Chem.Soc., 	1967, 	89, 	6276. 
192. E. W. 	Turnblorn and T. J. 	Katz, J. Chem. Soc. ,Chem.Conimun., 
1972, 1270. 
193. J.I.G. Cadogan, A.G. Rowley and N.H. Wilson, JustusLiebiqs 
Ann.Chem., 1978, 74. 
 J. Boutagy and R. 	Thomas, 	Chemical Reviews, 	1974, 	74, 	87. 
 E. Breuer and D.M. 	Bannet, 	Tetrahedron. . 	1978, 	34, 	997. 
 D.G. Smith and D.J.H. 	Smith, 	J.Chem.Soc. ,Chem.Cornaun. 
1975, 459. 
F. Mathey, Tetrahedron, 1973, 29, 707. 
K. Issleib and E. Priebe, Chem.Ber., 1959, 92, 3183. 
C.R. Hall and D.J.H. Smith, Tetrahedron Lett., 1974, 1693. 
D.S.B. Grace, Ph.D. Thesis, University of Edinburgh, 1974, 
P. 111 . 
G.M. Kosolapoff, 'Organophosphorus Compounds', J.Wiiey and 
Sons, Inc., New York, 1950. 
 L.D. Quin and H.G. Anderson, J.Org .Chern,, 1964, 	29, 	1859. 
 T. 	Mukaiyama, T. 	Fujisawa, 	Y. Tamura, and Y. 	Yokota, 
J.0rgCheni., 1964, 	29, 	2572. 
 S.E. Cremer and R.J. 	Chorvat, J.Orq.Chern., 1967, 	32, 	4066. 
203. G. 	Grüttncr and E. 	Krause, 	Chem. i3er., 	1916, 49, 	437. 
206. G. Aksnes and K. 	Bergesen, Acta Chem.Scand. , 	 1965, 	19, 	931. 
-252- 
M. Soroka, Synthesis, 1977, 450.. 	 I 
S.I. Featherman and L.D. Quin, J.Am.Chein.Soc., 1973, 95, 
1699. 
N. Seidel and K. Issleib, Z.Anorg.A11g.Chem., 1963, 325, 
113. 
L. Homer, F. Schedlbauer, and P. Beck, Tetrahedron Lett, 
1964, 1421. 
N. Seidel, Z.Anorg.Ai1çhem., 1964, 330, 141. 
R.E. Montgomery and L.D. Quin, J.Org .Chem., 1965, 30, 2393. 
213, L. Henry, unpublished observations. 
V.V. Korshak, I.A. Gribova, and M.A. Andreeva, 
Izv.Sih.Otd.Akad.Nauk_SSSR,Ser.Khirn.Nauk, 1957, 631; Chem. 
Abs., 1957, 51, 146211. 
M.O. Forster and H.E. Fierz, J.Chem.Soc., 1907, 91, 1350. 
G. Smoliusky, J.0rg.Chern., 1961, 26, 4108. 
R.F. Nystrom and W.G. Brown, J,Am.Chem,Soc., 1947, 69, 2548. 
H. Hayashi and S. Oka, Euil.Inst.Chem.Res.,Kyoto Univ., 
1974, 52, 514, 
R. Barthel, J.Prakt.Chem., 1942, 77, 161; Chem.Abs., 
1943, 37, 5041. 
C.A. VanderWerf, R.Y. Heisler, and N.E. McEwen, 
J.Am.Chern.Soc., 1954, 76, 1231. 
J.H. Boyer, N.E. Krueger, and R. Modler, J.0çhem., 
1969, 34, 1987. 
N.E. McEwen, N.E. Conrad and C.A. VanderWcrf, J.Ani. Chem. Soc. 
1952, 74, 1168. 
223, R.E. Buckles and J.E. Maurer, J.Orq.Chem., 1953, 18, 1585. 
F.R. Jensen and R.C. Kiskis, J.Arn.Chern.Soc., 1975, 97, 
5825. 
Y. Nakajima, R. }(inishi, J. Oda, and Y. :cnouye, 
fl,1 1 r'hcm 	r\r' .Ti'i- 	1 0'71 	(rC 
--253-- 
L. Arpeselia, A. La Manna, and M. Grassi, dazz.Chim.1tai., 
1955, 85, 1354. 
P. Pratesi and M. Grassi, Farniaco,Ed.sci., 1953, 8, 86; 
Chem.Abs., 1954, 48, 1995. 
223. A. Nabeya, T. Shigemoto, and Y. Iwakura, J.Org .Chern., 
1975, 40, 3536. 
P.A.S. Smith, J.H. Hall, and R.O. Ran, J..Am.Chem. Soc., 
1962, 84, 485. 
B. Pawleski, Chem.Ber., 1895, 28, 1118. 
R.O. Lindsay and C.F.H. Allen, 	.Svnth., 1942 W. 22, 96. 
K. Wall, unpublished, observations. 
C. Malavaud, Y. Charbonnel, and J. Barrans, Tetrahedron Lett, 
1975, 497, 
Supplied by the Chemical Defence Establishment, Porton Down 
J.A. Pople, W. Schneider, and N.J. Bernstein, 'High 
Resolution N.M.R. ,' McGraw-Hill, New York, 1959, p.223. 
W.J. Moore, 'Physical Chemistry', Fifth Ed., Longman 
London, 1972, p. 383 . 
H. Hubner, Chem.J3er., 1874, 7, 1319. 
A. Michaelis and W. LaCoste, Chem.Ber., 1885, 18, 2120. 
J. Thiele and K.G. Falk, Justus Lie14Ann..Chem., 1906, 
347, 126. 
240, 	I.C. Gastaldi and F. Cherchi, Gazz.Chim.ital. , 1913, 
43, 299. 
B. J. Walker, 'Organophosphorus chemistry' , Penguin 
Education, London 1972. 
J.I.G. Cadogari, D.S.13. Grace, and P.K.G. Hodgson, 
J. Chem. Res. (M) , 1978, 0701. 
Dr. N.J. Tweddle, private communication. 
-254- 
ML- . J.B. Husband, private communication. I 
H. Wicheihaus, Ann.Chem.(Sp1.) , 1868, 6, 257. 
W. Gerrard and N.H. Philip, Research(London), 1947/48, 
N.J. Stewart, Honours year project report, 1977. 
H. Goldwhite, P. Gysegerri, S. Schow, and C Swyke, 
J.Chem.Soc., Dalton Trans., 1975, 12 and references 
therein. 
J.I.G. Cadogan, I. Gosn.ey, E. Henry, T. Naisby, B. Nay, 
N.J. Stewart, and N.J. Tweddie, J.Chern.Soc.,Chem.Commun., 
1979, 189. 
249, G. Baccolini, P. Spagnolo, and P.E. Todesco, Phosphorus 
and Sulfur, 1980, 8, 127. 
M. Taylor, Ph.D. Thesis, Edinburgh, 1980. 
J. March, 'Advanced Organic Chemistry', McGraw-Hill 
Kogakusha, Japan 1968. 
F. Ramirez, A.J. Bigler, and C.P. Smith, Tetrahedron, 
1968, 5041. 
F. Ramirez, A.J. Bigler, and C.P. Smith, J.Arn.Chem.Soc., 
1968, 90, 3507. 
N.J. Death and D.B. Denney, Ph2jhorus and Sulfur, 
1977, 3, 51. 
F.A.L. Anet and P.J. Degen, J.Am.Chern.Soc., 1972, 
94, 1390. 
M. Sanchez, J.-F. Brazier, D. I-Iouaila, and R. Wolf, 
Nouv, J.Chim., 1979, 3, 775. 
-255-- 
J.I.G. Cadogan, D.S.B. Grace, and B.S. Tai, 
J.Chern.Soc.,Perkin Trans.)., 1975, 2386. 
J.I.G. Cadogan, R.S. Strathdee, and N.J. Tweddle, 
J. Chem. Soc. , Chem. Commun. , 1976, 891. 
R.S. Strathclee, unpublished observations. 
F. Ramirez, C.P. Smith, and J.F. Pilot, J.Arn.Chem.Soc., 
1968 90, 6726. 
J. Omelanczuk and M. Mikolajczyk, J.Am.Chem.Soc., 
19 79 , 101, 7292. 
A.S.F. Boyd, J.I.G Cadogan, D.S.B. Grace, and N.J. Tweddle, 
J.Chern.Res.(S), 1977, 240. 
263, H.B. Stegmann, H.V. Dumm, and K.B.Ulmachneider, 
Tetrahedron Lett., 1976, 2007. 
264. T. Kametani, K. Nyu, T. Yamanaka, and S. Takano, 
J. Heterocycl.Chem., 1971, 8, 1071, 
vi 
